IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 



BRASS1CA PROTECTION PRODUCTS, LLC 
and JOHNS HOPKJNS UNIVERSITY 




Plaintiffs, 



THE SPROUTMAN INC. and MURRAY T1ZER 



v, 



OS p 

Civil Action No. tfig ZI3 5 fVj 

■ " 3*. 




Defendants. 



COMPLAINT FOR PATENT INFRINCEMENT 



Plaintiff*, Brossica Protection Products, LLC and Juluu Hopkins University, by and 
through their undersigned counsel, file this Complaint against Defendants, The Sproutman Inc. 
and Murray Tiicr, averring as follows: 

NATURE OF THE AfTtON 
1 This is an action for patent infringement arising under the Patent Laws of 
the United States, in particular 35 U.S.C. §§ 27 1 , 283, 284 and 28$. 

THE PARTIES 

2. Plaintiff, BrtMtea Protection Products, LLC ("Drasjica"), u a Limited 
Liability Company organized and existing under the laws of Delaware, having a place of 
business at 600 East Lombard St., Suite 522, Baltimore, Maryland, 21202. 



organized and existing under the laws of Maryland, having a principal place of business at 33rd 
St. and Charles St., Baltimore, Maryland, 21218. 



3. 



Plaintiff, Johns Hopkins University ("Johns Hopkins"), is a corporation 
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EXHIBIT 3 



4 Upon information and belief, defendant, The Sproutman Inc. 
C Sproutman"). is a corporation organized and existing under die laws of the Commonwealth of 
Pennsylvania, havmg a place of business at 1415 Chestnut Ridge Rd., Upper Black Eddy. 

Pennsylvania, 18972. 

5. Upon information and belief, defendant Murray Tizer is the President and 

Chief Executive Officer of Sproutman. which has a place of business at 1415 Chestnut Ridge 

Rd.. Upper Black Eddy, Pennsylvania, 18972. 

iitPKnimnN and venue 

6. This court ha* jurisdiction over the subject matter of this action under 28 
U.S C. § 1338(a). 

7. Venue is proper in this district court pursuant to 28 U.S.C. §§ 1 391(b) and 
(c), and 1400(b). 

8. Upon information and belief, defendants are doing business in the State of 
Delaware and have committed and/or induced others to commit acts of infringement in the State 
of Delaware. Upon information and belief, this Court has personal jurisdiction over Sproutman 
and Murray Tizer 

IHLEAI1EMI 

9. On March 10, 1998, United States patent 5,725.895 ("the '895 patent") 
entitled "Method Of Preparing A Food Product From Cruciferous Seeds" was duly and legally 
issued to Jonas Hopkins as assignee of the inventors Jed W. Fancy and Paul Talalsy, M.D. A 
copy of the '895 patent is attached as Exhibit A. 

1 0 Plaintiff Brassies is the exclusive licensee under the '895 patent, and under 
the terms of its license. Brassies has the right to sue to enjoin any and all infringement of the 



2 



895 patent and to recover damages caused by such infringement- Further, the U.S. Government 
has a paid-up license under the *89S patent and the nght in limited circumstance* to require (he 
patent owner to license others on reasonable terms as provided for by the terms of grant POl CA 
44530, entitled "Novel Strategies for Chemoprotection Against Cancer/' awarded by the 
National Career Institute, Department of Health and Human Services. 

11. Dr Talalay is the John Jacob Abel Distinguished Service Professor at the 
Johns Hopkins University School of Medicine, a member of the National Academy of Sciences 
of the U.S.A. and the American Philosophical Society. He is also & Fellow of the American 
Academy of Arts and Sciences and was appointed a life-time Professor of the American Cancer 
Society. Mr. Fahey is a plant physiologist in the Depanment of Pharmacology and Molecular 
Sciences at The Johns Hopkins University School of Medicine. Before joining the Johns 
Hopkins faculty, he spem 15 yews in the biotechnology industry and held senior management 
positions tn agricultural biotechnology research and process development. 

12. The invention of the '895 patent is based, in part, upon Dr. Talala/s life- 
long study of cancer and pursuit of edible plants that have a chemopiotective effect against 
cancer. Chemoprotection is a means for preventing cancer by increasing the body's own cancer* 
fighting defense mechanisms by administration of anti-cancer agents delivered, ideally, in the 
diet. Chemoprotection lakes advantage of the ability of cells of the human body to produce a 
family of detoxification enzymes that neutralise highly reactive and dangerous forms of cancer- 
causing chemicals before those chemicals can damage DNA and initiate the proceu that can lead 
to malignancy. By inducing the production of these detoxification enzymes in the body, 
protection against cancer can be achieved. 
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13. Dr. Talalay and colleagues have received worldwide acclaim for their 
discovery that certain varieties of vegetables, such as broccoli, contain natural chemical agents 
that arc potent inducers of cellular detoxification enzymes that protect against cancer-causing 
chemicals. 

14. Based upon these discoveries, Dr. Talalay founded trie Brassica 
Chemoprotection Laboratory at Johns Hopkins University with support from, ir^ter alia, the 
National Cancer Institute. The mission of this laboratory was to examine the chemoprotective 
properties of plants and to ensure that consumption of the most promising vegetables by humans 
is both safe and effective. 

15. Dr. Talala/s examination of the chemoprotective properties of plants was 
initially focused on mature, market stage vegetables, such as broccoli. However, Dr. Talalay and 
Mr. Fahey discovered that the conccntitituns of cancer- fighting enzymes in cruciferous plants 
arc considerably higher during the sprout stage than at later stages of development. They 
discovered that sprouts of cruciferous seeds, such as broccoli sprouts, can be selected to produce 
rood products that are nch in glucosinolates. Glucosinolates are precursors of chemicals that 
induce production of cancer-fighting enzymes in (he body. 

16. Dr. Talalay and Mr. Fahey were awarded the '895 patent for their 
important discovery. The '895 patent discloses and claims a novel method of preparing a food 
product which involves germinating certain crucifetuu* seeds, such as broccoli seeds, and 
harvesting the sprouts prior to the 2-leaf stage to produce a food product that is rich in 
glucosinolates. 

i 7. The invention disclosed in the *89S patent has received widespread 
acclaim in the scientific literature, the popular press and the broadcast media. Dr. Talalay 1 * and 



Mr. Fahey's discovery was published in the prestigious scientific journal, Proceedings of (he 
National Acadtmy of Science cfih* USA on September 16, 1997, and has boon the subject of 
scientific commentary as well as numerous newspaper, magazine, radio and Television reports. 

18. The importance of the '895 invention also has been recognized by the 
sprout-growing industry and the public. Prior to the publication of that work in the Proceedings 
of the National Academy of Science broccoli sprouts were not being grown commercially, nor 
had they been recognized as a rich source of the cancer chexnoprotective compounds. However, 
within days of that publication in September 1997, broccoli sprouts began to appear in the 
supermarkets and hetJth food stores. 

19 Plaintiff, Brasstca, was founded, iaicr alii to make Dr. Talala/s and Mr. 
Fahey's important discovery available to the public. Brassica markets broccoli sprouts rich in 
glucosmolatcs that are grown under exacting, hygienic standards. A portion of the proceeds 
from the product are donated to The Brassica Foundation for Chemoprotection Research Inc. of 
Baltimore Maryland. The purpose of this foundation is to support research on chemoprotection 
against cancer by scientists. 

COUNT 1 

20. The allegations contained in Paragraphs 1 through 19 are incorporated 
herein by reference as though fully set forth. 

21. Upon information and belief, defendant Sproutman has been and now is 
infringing the '895 patent under 35 U S C. § 271(a) and/or (b) by making, usuig, offering to sell 
and/or selling and/or actively inducing others to make, use, offer to sell and/or sell the patented 
invention of the »V3 patent Upon information and belief, Sproutman has known about the *895 
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patent since at least June 4, 1998. Upon information and belief, Sproutman's infringing activities 

have been willful and will continue unless enjoined by this Court. 

22. Upon information and belief, defendant Sproutman has for a time past and 
shll is infringing and/or inducing infringement of the '895 patent by selling broccoli iprouts 
utilizing the patented inventions to customers in Delaware through intermediaries and will 
continue to do so unless enjoined by this Court. Upon information and belief, Sproutman's 
broccoli sprouts have been in the past and are being sold at, inter alia, Harvest Market, 1232 Old 
Lancaster Pike, Hockcssin, Delaware and the Newark Co-op Natural Foods, 280 E. Main Street, 
Newark* Delaware. 

23. Upon information and belief, defendant Sproutman has profited by its 
infringing activities; Brassica and Johns Hopkins have been damaged by those infringing 
Activities and will be irreparably injured unless those infringing activities are enjoined by this 
Court. Brassica and Johns Hopkins do not have an adequate remedy at law. 

CPVNT2 

24. The allegations contained in Paragraphs 1 through 23 are incorporated 
herein by reference as though fully set forth 

25. Upon information and belief, defendant Murray Tizer has been and now is 
infringing the 895 patent under 35 U.S.C § 271(b) by actively inducing others to make, use, 
ofTcr to sell and/or tell the patented invention of the 895 patent. Upon information and belief, 
Murray Tizer has known about the '895 patent since at least June 4 t 1998. Upon information and 
belief, Murray Tizer's infringing activities have been willful and will continue unless enjoined by 
this Court. 
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26. Upon information and belief, defendant Murray Tizer has for a time past 
and still is infringing and/or inducing infringement of the R95 patent by selling broccoli sprouts 
utilizing the patented inventions to customers in Delaware through intermediaries and will 
continue to do so unless enjoined by this Court. Upon information and belief, Murray Tuer's 
broccoli sprouts have been in the past and are being sold at. iaifflf alia, Harvest Market, 1252 Old 
Lancaster Pike, Hockcssin, Delaware and the Newark Co-op Natural Foods, 280 E. Mam Street. 
Newark, Delaware. 

27 Upon information and belief, defendant MuiTay Tizer has profited by his 
infringing activities; Brassica and Johns Hopkins have been damaged by those infringing 
activities and will be irreparably injured unless those infringing activities are enjoined by this 
Court. Brassica and Johns Hopkins do not have an adequate remedy at law. 

WHEREFORE, Brassica and Johns Hopkins respectfully request that this Court 
enter the following relief: 

A. A judgment that Sproutman and Murray Tizer have infringed the 895 
patent and that their infringement has been wjllfal; 

R. A preliminary and permanent injunction enjoining Sproutman, its officers, 
agents, servants, employees, and attorneys, including defendant Murray Tizer, and those persons 
in active concert or participation with them who receive actual notice of the order by personal 
scrv.ee ui otherwise, from any ftinher infringement of the 895 patent; 

C. A judgment in favor of Brassica and Johns Hopkins for its damages 
caused by defendants* infringement and that those damages be trebled and awarded to Brassica 
and Johns Hopkins with prejudgment interest; 
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A judgment in favor of Brassica and Johns Hopkins for its attorneys fees. 



costs, and exp«nse< in this action; and 



A judgment in favor of Brassica and Johns Hopkins for such further 



necessary proper relief as this Court may deem just. 



OF COUNSEL: 

E. Anthony Figg 
Joseph A. Hynds 

ROTHWELL, HOG. ERNST St KUR2, P.C. 
Suite 701 East Tower 
555 Thirteenth Street, N.W. 
Washington. DC 20004 
(202) 783-6040 

Dated: June 4, 1999 



122555 



MORRIS, NICHOLS. ARSIIT & TUNNELL 



luk B. Blumenfeld (ft 1 014) 
K01 North Market Street 

P.O.Box 1347 

Wilmington. DE 19899-1347 
(302)658-9200 
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Armeria 
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Aronia 



Willd.; Stance pstudatmena J. Murr.|. Resembling A. mantima. but 
with Ivs. broader, lanceolate, to 10 m. long, V« in . wide. 5-T nerved. 
margins narrowly scartous: invotucrai sheath to 4 in. long: fis. white 
to dark rose-pink. Portugal. Tfce commonly cult, broad-lvd. thrift, 
rigidai A. plantagtnea. 

Rouyana Daveau. To I ft., forming matt; lvs. filiform or linear, 
channelled. 1 -nerved, to 4 in. long; lnterftoral bracts pubescent at least 
on basal half, usually as long as or longer than calyi tube, calyx spur 
more than half as long as calyx rube, calyx hairy on and between not, 
fis. rose*ptnk. Portugal. 

rumelica Bom Us. stiff. 3-5- nerved, of 2 kinds, outer Ivs. broadly 
linear, shortly acuminate, inner Ivs. narrowly linear; As. purplish-pink. 
Balkan Pen. 

ruscinoneruis: A mantima. 

setaeetu see A. juncaa. Var. alba: a listed name, probably referring 
to A juncea cv. 

sibthcai A mantima. 

splendent: A Juntptn/olia. 

stenophylla: A piantagtnaa. 

Sundermanii: a listed name of no botanical standing, used for a form 
of A. mantima. 

vulgaris: A, mantima. Van. nana and iplenderuu listed names of no 
botanical standing, used for forms of A. mantima. 

WaJterane: a listed name of no botanical standing. 

Welwitschii Boiss. [A. Weiwittehii var. stenophylla Oaveau|. 
Tufted, subshrubby. to 1 ft., glabrous, somewhat glaucous; Ivs. linear, 
to 4 in. long, channelled or Sat, obscurely 1 -nerved; fts. pink, calyi 
with basal spur. Portugal. 

Willkommianai A. mantima. 

— f ARMORACIA P. Caertn.,-B. Mey. & Scherb. Cruciferae . 
About 3 spp. of glabrous per. herbs, with deep roots or 
rhizomes, native to Eur. and Asia; Ivs. simple to pinnatifid, 
basal Ivs. targe and often docklike, variously dissected fts. 
white, small, sepals and petals 4; fr. a globose to ellipsoidal 
silicle. 

One species is widely grown as a condiment plant, the fleshy roots 
being grated for use as a pungent relish or appetizer with meats. Does 
not mature viable seeds; propagated by root cuttings planted in 
spring, and best treated as an annual crop, the roots harvested in late 
autumn of the same year. 

rusticana P. Caertn.. B. M*y. or Scherb. [Cochlmne Amoraaa L.; 
\asturtium ArmoraaaiL.) Fries; R adieu la ArmoraaaiL.) B. L. Robin- 
son; Ronppa Armoraaa (L.) A. S Hitchc.). HORSCfUOlSH, RED COLC 
Deep-rooted, strong per., Lower If. blades to IS in. long and 9 in. 
across, crenate-dentate or jagged, sometimes dissected into linear 
segms., upper st. Ivs. lanceolate to oblong; fts. in terminal panicle. 
Spring. Se. Eur., naturalized in N. Ames*. 

ARNEBIA Forssk. Boraginacta* Not cult A. Echiotdes: 

Echioides longifiorum. 

ARNICA L. Composite* (Senecio Tribe). About 30 spp. of 
rhizomatous, pubescent and also usually gla»Hiil yr per. herbs, 
native to Eur.. .Asia, and N. Amer., sts. simple or branched 
above; Ivs. opp.; fl. heads radiate or discoid, L to several, 
rather large, long-peduncled, involucrai bracts in 2 rows, her- 
baceous; disc and ray fit. yellow; achenes slender, cylindrical, 
pappus of minutely barbed or almost plumose bristles. 

Arnicas are grown in the rock garden or border or are colonized 
in woodsy places. Tincture of armcsw derived from A. montana, hat 
medicinal uses. Propagated by seeds or division. 

•ipina (L> Olin. To 4-15 in.; st. Ivs. 1-4 pain, lanceolate or oWanceo- 
late. to 4-5 in. long, nearly entire, sessile or the lo w euumt petioied; 
heads usually solitary, to 2 in. across, involucre woolly; anthers yellow: 
pappus white. Circum boreal 

ampUztcaulis Nutt. To 2 ft., viscid; st Ivs. 4-10 pairs, ovate to 
broadly elliptic-lanceolate, to 5 in. long, serrate-dentate, sessile; heeds 
3-8. 1H in. across; anthers yellow; pappus tan. W. VS. to Alaska. 

betomctfolia: A. lanfatis. 

Chamtsaonis Less. To 2 ft.; st Ivs. 5-8 pain, lanceoiate^otong to 
oblanceolate. to 6 in. long, denticulate or dentate, all sessile and clasp- 
ing, or the lower ones short -petioied; heads 3-9. 2 in. across; anthen 
yellow; pappus tan. Nw. VS. to s. Alaska. Subep. fotieaa (Nun.) Mav 
guire (A. foiiosa Nutt). Lvs. usually entire, the lower ones distinctly 
pe h oled. Wyo. and Colo., w. to Calif, and 



Clusii: Doromcum CiunL 

cordifolia Hook. To IS in.; st, lvs. 2^1 pain, the lower broad-lanceo- 
late to ovate, cordate, long.peooled. mostly coarsely dentate, blades 
W m. long, the upper reduced, ovate or lanceolate, sessile: heads 
solitary, or somenmes 3. 2-3 in. across; anthers yellow; achenes pubes- 
cent thetr whole length, pappus white. S. Dak. to New Me*., w to 
Calif., n. to Yukon, also n. Mich. The most desirable sp. 

fotiosat A. Chamusnnu subsp. 

fulgrns Pursh [A. paduneulata Hydb.|. Rhizomes short, rooting 
with tufts of tan ham in ajols of old If. bases, sts. 1-2 ft. : st. lvs 4 or 
5 pairs, oblanceolate. the tower crowded near base, petioied. to 6 in 
long, nearly entire, the upper much-reduced. sessile; heads usually 
soUtary. 2-3 in. across; anthers yellow; pappus whitish or light tan. B C 
to Sask.. s. to n. Calif, and Colo. 

latirolta Bong. [A. batonta/olia Creene). To 2 ft.; st. Ivs. 2-4 pairs 
o v>te J° ellipuc-lanceoUte. i-3 in. long, dentate, all sessile or the 
lowermost petioied; heads mostly 1-3; anthen vellow; achenes gla- 
brous or hirsute only in upper half, pappus white. Wvo. and Colo, w 
to Calif., n. to s. Alaska. 

Ussuisai Creene. To 10 in., without glands; lvs. 4-3 pairs in a rosette 
toward base of St.. lanceolate or oblanceolate. 2-4 in. long, entire or 
denncuiate. sessile or short penoled; heads solitary, nodding. 2 in 
across; anthen purple: pappus tan. Alaska, Kamchatka. 

longifolia D. C Eat. Sts. in dumps, to 2 ft.; st. lvs. 5-7 pain, lanceo- 
late to lanceolate-euiptic, to 4 in. long, entire or denticulate viscid, 
sessile; heads 7-30. to 2 in. across; anthen yellow; pappus itraw-col- 
ored or tan. Mts.. Calif, and Colo., n. to Wash, and Mont 

mollis Hook. To 2 ft.; st. Ivs. 2-4 pain ovate, lanceolate, obov.te. 
or oblanceolate. to 6 in. long, denticulate, sessile or the lower ones 
petioied: heads mostly 1-3, to about 3 in. across: anthen vellow: pap. 
pus tan. Colo, to Calif., n. into Canada, also N Y. and New Ena to 
Catpe Pen. * 

montana L To 2 ft.; st. Ivs. about 3 pain, broadly lanceolate, ovate, 
or obovate. entire or obscurely denticulate, sessile, upper pair much 
reduced, the othen in a basal rosette, to 5 in. long; heads 1-3 or more, 
to 3 in. across; anthen yellow; pappus tan. Cent. Eur., s. Scandinavia! 

pedunculatat A. fulgms. 

sachalinerats <Rege4) A. Cray. Nearly glabrous, 12-30 in.; st. Ivs. 
12-20 pairs, lanceolate or oblanceolate. to 6 in. long, serrate, sessile 
and united; heads 5-15. to 2% in. across: anthen purple; pappus tan. 
Sakhalin Is. 

saluestsxsi a listed name; perhaps for A. sachalinansis, 
uiiaiaachcemis Less. To 3-12 in.; st. lvs. 3-5 pairs, mostly broadly 
lanceolate or oblanceolate. to 4 in. long, serrulate, the upper sessile, 
the lower petioied; heads solitary, about 1% in. across; corolla tube 
glabrous, anthen purple; pappus can. japan and islands of Benng Sea. 
Var. Tschonoskyi (lljin) Kitam. & Harm. Corolla tube pubescent. Japan. 

ARONIA Medic. CHOKEBERKY. Rosacea*. A few spp. of 
low, deciduous shrubs of N. Amer.; Ivs. alt., simple, short- 
petioied, finely serrate; fit. small pink or white, in teminai 
cymes, calyx tube urceolate, sepals 5, petals 5, concave, 
spreading, styles 3-3. united at base; fr. a small berrylike 
pome. Often considered a subgenus of Pyrui 

Propagated by seeds sown when ripe or stratified, and by suckers, 
layers, and cuttings of green wood under glass. Useful for colonizing 
in low places; showy in bloom and the fruit attractive in autumn. 

arbutifolia (L) Pen. [Punuarbuti/bliaiU U). Chokxbuat. red 
C Shrub, tending to form colonies, to 12 ft or more, young growth 
tomentose; Ivs. broadly oblanceolate to wider, pointed, green and 
glabrous above, tomentose and pale beneath, crettace-serrate. 1-3% 
in. long; fts. 2-25. about % in. across, calyx rube tomentose. sepals with 
stipitate giandi; ft. red. *U in. in diam. Nov. Sc. to Ont., Mich, s. to 
Tesw Fta. Zone 6. 

atropurpuresfi A. prunifolia. 

Roribundas A. pmntfoiia, 

tneianoearpa (Mtcha.) Elliott (A nigra (Sarg.) Koehne; Pyrui 
maUnaearpw (Mtcha.) WiUd.]. Like A. arbuti folia, but young twigs, 
lower If. surfaces, and calyx tube glabrous, sepals essentially glabrous; 
ft. black. in. in diam. Nfld. to Mixuv SC Tens. 

nigral A. maianocarpm. 

prunifolia (Marsh.) Rend. [A. flanbvnda (UndL) Spach; Funis 
atropvrpunm (Brirt) U H. Bailey|. Like A arbutifoita, but sepals 
gland lets or nearly so; ft. purple or purple Neck. in. in diam. Nfld- 
to Out, s. to Va, and Ind. Zone & 



Brastavola 

cucullata iL.) R Br. Pseudobulbs cylindrical, with a buibouj thick- 
ening it base. Ivs. filiform, cylindncai. fleshy, to I ft. long; fis. 1-2 on 
peduncles to S in. long, sepals and petals white to greenish- white, 
aging to yellowish, spreading and pendulous, linear, acuminate, to 3 
in. long, lip to 3 Uv long. white»shorT<Uwed. semicircular, with finely 
toothed margins, apicaiiy prolonged into a slender, acuminate lobe. 
Late spnng-early winter. Trap. Amer. 

Oigbyana Undl. [Laslia Digbyana Oindl.) Benth.; Rhyneholaalia 
Dtgbyana (Undl) Schlechter). Pseudobulbs elongated, jointed, club- 
shaped: I vs. leathery, elliptic, glaucous-green, to 8 in. long; infl. I -Ad.; 
B. showy, fragrant. 4-6 in. acre*, sepals and petals elliptic, pale green- 
yellow, Up large. 3 in. long, obscurely 3-lobed. nearly orbicular, invo- 
lute at base and enveloping column, cream-white with greenish suffu- 
sion, upper margins deeply lacerate-fringed. disc with several fleshy 
ridges. Spnng-summer. Cent. Amer. Frequently used as a parent in 
crosses with spp. and cvs. of Canity*. Laalux and Sophronttv. the 
resultant hybrids possessing large, fringed bps. 

fragrens Barb. Rodr. To 20 in.; Ivs. fleshy, cylindncai. raceme much 
shorter than If., few- Ad., fleruous. As. fragrant yellowish- white, with 
a few purple spots, to 2 in. long, sepals and petals Aliform, bp recurved, 
somewhat shorter than sepals. Autumn. Brazil. 

glauee Lindl. [Laslia glauco fLindU Benth; Bhyncholaaiia giauat 
(Undl.) Schlechter). Pseudobulbs club-shaped, to 4 in. long; Ivs. leath- 
ery. oblong-eUiptic. glaucous, to 5 in. long; As. solitary, nodding, fra- 
grant, on peduncle 4 in. long, sepals linear-elbptic. to 2% in. long, 
olive- green to white or lavender, petals similar to sepals in shape and 
length. oUve- green to whitish, bp to 2 in. long, white or yeiiowuh with 
rose-pink spot over several reddish stripes in throat. 3-lobed. rmdlobe 
squarish-oblong, aptculate at apes. Winter-early spring. Cent. Amer. 

nodosa fU> Undl. LaOY-of-THE-nicht Pseudobulbs 1-4 % in. long; 
Ivs. to 9 in. long; As. solitary, short-peduncled. sepals and petals linear, 
to 3 in. long, greenish-yellow or white, bp white, not toothed. Winter. 
W. Indies. Cent. .Amer.. Colombia, Venezuela. Surinam. 

Pemnii Lindl. To 10 uv. with ascending rhizome; Ivs. Aeshy. cylin- 
drical; peduncle shorter than If.. 1-Ad.; As. to 2 in. long, sepals and 
petals greenish-yellow, spreading, filiform. Up white, with yellow- 
green throat, ovate, short-clawed, acute at apes. Brazil. Paraguay. 

BRASSIA R. Br. Orchidaceae. About 50 spp. of epiphytes, 
native to trop. .Amer.; pseudobulbs 1-3-lvd.; fts. in lateral 
racemes, sepals and petals narrow, long-pointed, often tail- 
like, lip entire, shorter than sepals. For structure of ft. see 
Orchtdaceae. 

Intermediate greenhouse; for culture see Orchids. 

Allenii L. O Williams ex C Schwetnf. Pseudobulbs not developed; 
Ivs. many, forming a broad fan. to 1 ft. long; raceme several-Ad., from 
If. axils, shorter than Ivs.; As. fragrant, sepals and petals similar, spread- 
ing, reddish-tan to olive-ochre. 1*A in. long, linear-lanceolate, bp 
nearly orbicular, yellow, with band of reddish-tan and a white disc, 
cuspidate at apex. Autumn. Panama. 

brachial* 8 verrucosa. 

caudau (Li Lindl. Pseudobulbs to 6 in. long; Ivs. oblong or oblong- 
ellipnc. to 11 in. long, acute: infl. to 1% ft long, 6-15-fld; sepals and 
petals greenish-yellow, with brown spots on basal half, lateral sepals 
to 6 in. long, petals to 1 in. long, bp light yellow with brown spots, 
with 2 small teeth at apex of callus. Winter-late summer. Trap. Amer.. 
from Fla. to S. Amer. 

chlorous Endres & RchbXTo 1 ft.; Ivs. lanceolate; infl. to 10 in. long, 
shorter than Ivs.. loosely few-Ad; As. small. % in. bog, greenish, sepals 
and petals lanceolate, acuminate, Up Lnear-Uncaouua, with 2 pubes- 
cent keels at base. Costa Ram. Panama, Colombia. 
Cireoudiana Rchb.f. ox Waj 



178 



i to 5 in. long. 2-lvd; Ivs. 
oblong or elupnc-obiong, to over 17 in. long; inn. over 2 ft long, 
usually 7-10-Ad: sepals linear laiaeulila, to 6 in. long, tapering, 
cream-colored or greenish jcUow. spotted with brown on basal 
petals to 2% in. long, yellow, spotted with brown on lower half, bp 
bght yellow, sported with brown. Early winter-late spring. Costa Rica, 
Panama. 

guttatsu A. maeulata. 

Keiiiana Rchb.f. ex Undl Pseudobulbs much<om p i e as ed, to 2 in. 
long, 1-1 vd.; Ivs. narrowly ovate, irrap-shaped. to 10 in. long; infl. as 
long as Ivs. or longer, few- or many~od_ ft. bracts as long as rmhrHred 
ovary or longer; As. yellow, spotted with brown, sepals to 3 in. long, 
petals to IV« in. long, bp whitish. Late spring. Colombia, Venezuela. 

L a n cea n a Lindl. (A. pumila Undl. J. Pseudobulbs strongfy flattened. 
l-3-lvd^ Ivs. lanceolate-obtong. to 12 in. long; infl. longer than Ivs.. 
densely many-Ad.; sepals and petals yellow, with brown markings, 
sepals 2% in. long; petals IS in. long, bp oblong-pandurate. yellowish* 
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white, flecked with brown, acute, with a pair of white calluses at base 
Surinam. Venezuela. 

Lswrenceana Undl. Pseudobulbs over 2 in. long. 2-lvd; Ivs. oblong 
or lanceolate, to 8 in. long; infl. to 2 ft. long or more; sepals and petal, 
greenish- or bright yellow, spotted with brown, sepals almost 3 in 
fcng. petals IS in. long, bp bght yellow, without flecks. Lite rpnna' 
Guyana, Surinam. Var. longtsnnui B. iongunmm. 

P^IT^ C i b { '\ S ^l B ' U "™~»«** Wr»«aRchb.f.l. 
Pseudobulbs to 5 in. long. 1- or 2-lvd.; Ivs. to 15 in. long and 2% in. 
wide; infl. to 2 ft. long. lO-lWtd, sepal, and petals golden-yeUow or 
greenuh-yeUow. spotted with brown at base, lateral sepals to 12 in. 
long, petals •bout 3 in. long, u p acuminate, pale yellow or white, 
spotted with red-brown. Ute wmter-autumn. Cosu Rica. 

macula* R Br. (A guttata UndL|. Differs from A longusima in 
having lateral sepals only 2-3 in. long, petals smaller, and bp much 
broader, acute. Spnng-summer. autumn. W Indies and Cent Amer 

pumilai A Lancmana. 

vemieoaa Batem. (A bnchiata LindLI. Pseudobulbs to 3 in. long 
or more. 2-lvd; vs^Wong or eUipneoblong. to 1 ft. long; ml to aboul 
2* ft long. 4-16-AA; sepals and petals green or yeiiowuh, spotted 
with brown at base, sepals 3-3 in. long, petals to 2 in. long, bp white 
warty spotted with dark green toward base. Spring-early rummer' 
Me*.. Cuatemala, Honduras. Venezuela, summer. 

BRASSICA U (Siftapu L.J. COLE. MUSTARD. Cruafera* 
Probably more than 40 spp. of mostly arm., bien.. or some- 
times per. herbs or small shrubs of Old World origin, but the 
nativity of many unknown; plants erect, tall, branched, and 
for the most part glabrous, often glaucous; lower Ivs. variously 
pinnaund or lyrate or strongly toothed; As. in terminal 
racemes, yellow, yellowuh-white or sometimes white, sepals 
4. petals 4. clawed, lateral nectaries prismatic, deep green; 
fr. an elongate silique, valves convex, with prominent mid- 
vein. 

•cephalai A olsreoax Acephala Croup, 
alhai A Aims. 

alboglabra: A oUmcaa. Alboglabra Croup. 

orvensitt: A Kabar 

boss yttsi A. oisracaa. Botrytu Croup. 

bullae* see A olsraam, Capiuu Croup. 

campestrts} A. Rapa. 

capiuut A. oUracaa, Capiuu Croup. 

cauUfterai A oisracaa, Botryos Croup. 

caulorapa? A oUracaa, Congylodes Croup. 

rhirtemnn A Rapa, Chinenxu Croup. 

mn b tt a t ai A Napus. Pabularia Croup. 

gemmiferai A oisraeaa, Cemnufera Croup, 

hart* Moench (A alba (U Rabenb,. not Cilib,; Sinapu alba L). 
Whttt m. Ann,, to 4 ft. sparsely hairy; Ivs. elliptic to obovate. deeply 
divided at the sides; As. yellow, about % in. long; niioues spreading, 
to 1% in. long, lower part seed-bearing and nodulose, beak flat. Medit 
region, w. Asia; naturabzad in N. Amer. Cult for its mustard- and 
oil-producing seeds, also for greens. 

jiiaeaa 0.) Czemiak. (A rugom Hon.; Sinapis junem £.1. Brown 
ku Indian leaf must Ann greens. Ann., to 4 ft. green but 
st sometimes slightly glaucous; lower Ivs. elliptic to obovate, lyrate- 
tobed or divided, toothed or scalloped, rather thin, st-lvs. narrowed 
at base but not clasping; As. bright yellow; suiques to 1% in. long. Eur., 
Asia. Much cult for spring greens and as an oilseod, also spontaneous 
and a weed in N. Amer. Var. crisptfolta U H. Bailey {A/apoesosHoru 
not Thunb.). CuttLB) at. SOUTHERN C aL. osTTWCH-PLUafg. Lvs. cut 
curled, craped. The commonest leaf mustard for greens. Var. fohoaa 
L H. Bailey. Broacmxavio at. Lvs. very largau Crown for greens. 
Var. lAngsrsena L. H. Bailey. Lvs. long, narrow, with large, pronglike 
teetn, Var. nnu^asacta U R Bailey. Lvs. finery divided. See Mustard, 

Kaber (DC) Wheeler (A ortanasw (L) fUberuu not U; Sinapuar- 
urnju £ Kabar DC J. CMAIUOCX, CAUrotUOA iufc. Anav to 3 
ft. or more, green* constssonfty his pid toward bnse and somedmea 
above; fvs. ovate to oblong-ovate, variously lobed or lyrate. not clasp- 
ing; As. yellow, small; sibquea about V« in. long or lam nodukae, beak 
often % in. long or mora. Probabfy nsdrve in Meo^ res^ Sonsetime 
cult for mustard, but seeds not pungent; an eariy-Aowering weed of 
waste places and grain fields. 

Napnhfiaiirsi A Sapms, Napoccaanca Croup. 
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Niput L. Rape. COLZa. Ann., but late-sown plant* overwintering 
and nowenng the following spnng, making thin taproot: lvs. glaucous, 
lower Ki. lyrate-pinnatifid. sparsely bristly. Denoted, middle and up- 
per Lvs. oblong-lanceolate, thick, clasping and sessile: 4s. pale yellow: 
nliques to 4^, m. long. -ascending, on rather slender pedicels, beak to 
1 in. long. Nativity unknown. In N. Amer. sown late as a forage and 
cover crop for late autumn and early spnng. Elsewhere arm. or sum- 
mer races of rape are grown for the seed, used for oil and as birdseed. 
See flap*. 

Napobrassica Croup (A Sapobrxunca Mill.; A Sapobmmca var. 
soltdifiom L H. Bailey). Rutabaga, Swtoc. Swedish turnip. Thick- 
ened root with solid yellow or white flesh and with long neck or crown 
often withstanding winter in the North; nliques much ipreading. on 
short pedicels, the beak short, stout. See Rutabaga. 

Pabulana Croup [8. fimbnotmSiilLi DC. 8. oUmctaw. /imbnata 
MilL). SlBCfttAN kale. Ha.novch salad. Low. dwarf bien.. producing 
much edible herbage for winter and spnng use. then going to seed; 
lvs. oblong or narrower, deeply lobed at the tides, curled or fringed, 
glaucous-blue, sometimes purplish. See Kalt. 

nartnoea L H. Bauey. BROAo-BEaKSO m. Stout, low. bien.. glabrous, 
not glaucous; lower lvs. in short dusters, orbicular -ovate, small, mostly 
entire, puckered, petioles broad, white, st. lvs. very broad, entire, 
clasping; fls. yellow: nliques very thick. V, in. long or less. % or H as 
broad, beak very short, stout Probably Asia. Crown as a potherb by 
Chinese. 

nigra (U W. D J. Koch [Sirmpu nigra LI. 8 LACS m. Much- 
branched ann... to 6 ft and more, mostly hispid-hairy at least below, 
green, little if at ail glaucous; lvs. puina&fid to lyrate. dentate, petioled; 
as. vellow. in many short racemes; nliques appressed to rachis. L in. 
long or less. 4-nded. Eurasia. Widespread weed; cult, as a mam source 
of pungent table mustard. 



oleracea L Wild CABBAGE. Stout ann. to per., 
glabrous, glaucous; lvs. thick, lower lvs. rounded or o novate, to 20 in. 
long, lobed at base. st. lvs. narrow, long, sometimes clasping; fls. whit- 
ish-yellow or cream-yellow, to 1 in. long; nliques spreading, to 4 in. 
long, seeds Urge, round. Coastal w. and s. Eur. Represented in cult 
by many forms, including several common vegetables. All forms, 
herein assigned to groups, have similar cult, requirements, including 
a cool growing season and deep, fertile sod capable of holding abun- 
dant moisture. Var. fintbriaUt 8. Xapui. Pabulana Croup. 

Acephala Croup (var. actphala DC; B. acrphala of auth.). KaLE. 
TALL E-. CABBAGE E.. TREE C. DECORATIVE E.. FLOWERINC E.. 
KITCHEN E.. ORNAMENTAL E.. ORNAMENTAL LEAVXD E.. SCOTCH M>* 
FLOWERING CAB B ACE. COW C. COLLAR DS, COLE, COLEWORT. BORE- 
COLE, braSCHETTE. St usually un branched, lvs. separate or only in 
loose rosettes, not making solid heads, thick, glaucous. The kales are 
planted in late spnng or in late summer to produce either an autumn 
or early spnng crop. Where winters are mud the plants may stand for 
a year or more. The ornamental kale, with rosettes of variously col- 
ored white, pink, or purplish lvs.. often with fringed margins, is simi- 
larly planted from seed to produce autumn or winter bedding plants. 
See Collard and KaU 

Alboglabra Croup [var. aibogiabm <L R Bauey) Muni A aibogU- 
bra L. H. Bauey). CHINESE KALE. Ann. sometunes overwintering, to 
3 ft. glabrous, very glaucous: lvs. thick, lower Lvs. elliptic, to 10 in. 
long, sinuate, upper sl lvs. long-obiong and petioled or at least not 
clasping; fls. white: suiques &-3 in. long. Probably native to Asia, where 
grown as a potherb. 

Botrytis Croup (var. ootrytsf U A AofryfssML) MuL A cudijhm 
Can.). Broccoll caiajtloweil Low. with stout short su ion. a 
dense, terminal heed formed of thickened, modified 1 clusters over- 
topped by lvs. Gdt> of cauliflower and broccoli is similar to that of 
cabbage, but the pesnts are more tender to frost and lest tolerant of 
heat and dryness, fcoecott requires a longer growing season than 
cauliflower. Saw BweooU sad Gmdijhw*. 

Capstan Croup (ver. cmpxMM L; A oapsosnt of auth, J. CaB B AC ! , 
head c Low, with stout, short st. bearing dense, tertriinal head of 
lvs. In one form, the Savot CABBAGE (var. tmiUm DC; A bniUm 
of auth.). the lvs. are bustered and puckered. Cvs. differ in season of 
maturity and in color, sue. and shape of the heed. In all stages of 
developme n t they withstand corrnderahlo frost, although young 
plants from hotbeds must be hardened of. See Cabba$* 

Cernmifera Croup (var. gwmmifna Zensu A gtmmtfnm of auth.1. 
Sprouts, Brussels s. St simple, erect to 3 ft, with i 
edible buds. See'oVsssssif tv*** 

Omgyiodes Croup (A otuiomm Pasq.L Kohlbabl Low. 
him* tL enlarging *bove ground into a currnouke, edible tuber, 
lvs. elliptic 10 in. long or leas, long-petldled; fis. cream-yellow; suiques 
2-3 in. long, beak short thick. There are green- and purpush- 
itemmed cvs. Cult as for turnips. Tubers should be harvested when 
2 or 3 in. in diem. See KoklnbL 



Italics Croup (var. ttaiica Plenck). Itaua.n BROCCOU. aspaaaCUS 
s.. SPROUTtNC B. Outers from Botrytis Croup in the A. brs. thickened, 
but not condensed into a solid head. 

Tronchuda Croup (var. Tronchuda L H. Bauev). Tronchuda 
kale. Portuguese e.. Tronchuda cabbace. Portucuese c Low. 
cabbagelike plant, without compact heads of lvs.. with fleshy peoole 
and broad mtdnbs. Lvs. used much like celery. 

parachinensts L H. Bauey. False pae<CHO!. Like 8. Rape Chinese 
Croup, but with basal lvs. more nearly orbicular, petiole not mar- 
gined, and st. lvs. narrowed to base, not duping. Probably e. Ana. 
Crown by Chinese as a potherb. 

pelbnensui A Rape, Pekutensis Croup. 

pervuidist B. /tape. Pervihdis Croup. 
k Rapa L (A camvmtru LJ. Ft ELD M. Ann. or bien.. root flat or 
globose, without a long neck or crown: lvs. lyrate-puinaafid to 20 in. 
long, soft but hispid, clasping; as. yellow; siiiques 2% in. long or less. 
Cur. Var. lonfoliai Rapifera Croup. V«r. septtcepst Raptfera Croup. 
See Mustard. 

Chinensu Croup (A chinmng LJ. Pjmc-CHOI. CELERY mustard 
Chinese m. Ann. or bien.. glabrous, somewhat glaucous at matunry; 
lower lvs. glossy, making a rather compact cluster to 20 in. high, but 
not a head, obovate. enore or nearly so. petiole thickened, succulent 
white, narrowly winged or margined but not jagged, st. lvs. clasping; 
fls. pale yellow. K in. long; suiques to 2% in. long. In habit of growth 
resembling garden celery or chard. Much cult, in Ana for its succulent 
lvs. 

Pekmenni Croup (A ptktntruu (Lour.) Rupr.). Pbytsai. Chinese 
Cabbage CELEBY C. Ann., glabrous or essentially so; lvs. soft, green, 
basal lvs. large, very broad, undulate or obscurely toothed, peoole 
broad, flat with jagged wings, st lvs. petioled or clasping; fls. light 
yellow; ttJrg"** %% in. long. Crown as a cool-season vegetable, the lvs. 
forming s more or less solid head. 

Pervihdis Croup (var. ptrvindit L H. Bauey; A pwrviridis (L H. 
Bailey) L H. Bauey). Tendergreen. spinach m. Ann. or perhaps 
bien.. to 6 ft in fr.. branching above: lower lvs. many, spafulate* 
obtons* nearly enure, glossy green, tender, peoole not lobed; seeds 
small, somewhat angled. Crown in N. Amer. for its edible foliage, but 
the thick, tuberous crown to 3 in. across, pickled in Asia. 

Rapifera Croup (var. ionfoiia L H. Bauey: var. Mprscepe L H. 
Bailey; A sapticaptiL. H. Bailey) L H. Bailey). Turnip , seven -TOP 
T.. RAPtNl. Stout bien.. glaucous, very leafy and floruerous, with sev- 
era! tall its. from root crown; lower lvs. with few deep lobes, it. lvs. 
clasping; fls. small in short clusters; seeds small angled or irregular. 
One of the oldest root crops. Turnips are short-season plants far cool 
climates. The roots are many sizes and shapes, with white or yellow 
flesh. Crowing shoots used as greens. For use as a salad plant it is 
usually sown in late rummer and early autumn. Someomes called 
BROCCOU or Italian kale. See Turnip. 

Ruvo Croup (A Ruvo L H. Baileyj. Ruvo KALE, turnip broccoll 
Italian turnip, broccoli baa*. Ann. if sown in spnng, bien. if sown 
in autumn, 2*-3% ft at maturity, with taproot; lvs. lyrate-puuiaufid, 
with lobes on petioles, dark green, often glossy; fls. small in dose 
clusters; suiques small about 2 in. long. Not to be confused with Italian 
broccoli A oleraose, Italica Croup. 

Ruvoi A Adpa Ruvo Croup. 

t A Rap* Raptfera Croup. 



BRASSICACEAEi see CRUCIFERAZ 

BRASSIOPHOENLX Burret Fatma*. Two spp. of solitary, 
unarmed, rtrarioecious palms of New Guinea; lvs. pinnate, 
sheaths tubular, forming a prominent crownshaft, pinnae 
cunesUe, 3-pronged at apex with prominent midrib and mar- 
ginal veins: intt below lvs.. somewhat long-peduncled, bracts- 
2, the upper rjrotruding from the lower in bud, rachillae with 
fls. in triads (2 male and I female); male fls. syrnmetrical, 
sepals 3, imbricate, petals 3, vsivate. stamens many, anthers 
attached by base, pistillode shorter than the stamens, female 
fls. with sepals and petals imbricate, st a m inodei about 6, 
srnalU dentiform, pistil ovoid. 1-ceUed. l-ovuled; fr. ovoid 
with terminal stigmaric residue, scarlet or yellowish-cjrange, 
ertdocarp hard. 5- or fibbed, seed 5-iulcate, endosperm 
hc^noget^eous. 

For culture see Meia 



i meet) Eselg. To 30 ft; I vs. 5-9 ft long, rachis < 

uousry darkly, pinna* 1M0 on each ^^^ ft T^^± 
dark scaly; 8s. <mm~«*xt>d. niale buds in. long; f>- yeuowuh- 
, lVc-1% in. long. 



Cowan ia 

long, petili cream -colored. V l4 in. long. Mex. V u SUnsburiaaa (Ton- 1 
Jepi. Bark gravuh. If. blades toothed. E. Cali/. to Coio. and New Met. 
Zone 6. 

COXEULA: ACIPHYU^. 
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CRABAPPLE: see AppU 

CRAIBIA Harttu dx S. T. Dunn. Legu mi now (subfamily 
Faboidea*. About 10 spp. of trees and shrubs of trop. Afr. 
Ivs. ait., odd-pinnate or with i tft., the lfts. ait; Hs. racemose 
or panicled. often white, upper 2 calyx lobes united, stamens 
10. 9 united and 1 free; fr. an ovate to oblong-obovate. Hat 
legume, early dehiscent, seeds 1-2. 

Browiui S. T. Dunn (C Elltotit S T. Dunn|. Slow-growing tree, to 
40 ft., with large spreading crown; lfts. 3-7. elliptic, to 4 in long 
•cumulate; Bs. very fragrant white or tinged pink, in terminal 
racemes to 3 in. long; fr . obovate. to 1% in. long, narrowed at each 
end. 1 -seeded. Kenya. 

EUiotii: C Brownii. 

CRAM BE L. Crucxfme. About 20 spp. of arm. to per. 
™ herbs, mostly from Canary Is. to w. Asia, sometimes woody 
at base, glabrous or with unbranched hairs; Ivs. mostly thick 
or aeshy, glaucous, often very large, lobed, cut, lyrate, or 
pinnatifid; fls. small, many, in racemes or panicles, sepals 4, 
petals 4, white, with a short claw or wedge-shaped basally,* 
fr. a 2-jointed indehiscent silicle, the upper joint 1 -seeded 
and globular. 

cordifblia Steven. Colcwort. Stout per., to 7 ft.; basal Ivs. cordate, 
to 2 ft. across and more, somewhat lobed and coarsely toothed, more 
or less hispid-hairy, tong-peboled; fls. V,« in. across, in a great, terminal 
leafless panicle. Caucasus. Crown as an ornamental because of its 
striking appearance. 

maritime L. Sea kalc scuavy crass. Stout, stocky per., to 3 ft., 
Ivt large, glaucous-blue. Beshy, brittle, basal Ivs. to 2 ft. long or more 
and nearly as broad, notched and shallowly lobed. stout-petsoled; fls. 
in panicles. Seacoasts. w Eur. to Asia Minor. Crown for succulent 
ipnng shoots, which are blanched. See Sm KaU 

hispanka U Slender ann.. to 3 ft., usually densely hispid; Ivs with 
elliptic to nearly orbicular terminal segm.. lobed or lyrate below, to 
3 in. across, sinuate: fls. in long open racemes. Medit. region. Cult, as 
a commercial oilseed crop. 

CRANBERRY. Native to North America, the cranberry. 
Vacctntum macrocarpon, is cultivated entirely in the United 
States and Canada. Leading states producing cranberries in 
developed bogs or swamps are Massachusetts. Wisconsin, 
New Jersey, Washington, and Oregon. Canada has a limited 
acreage in British Columbia, Quebec and parts of Nova 
Scotia. The small or European cranberry, Vacctntum Oxycoc- 
cos, native in the northern parts of America, is not cultivated. 
The fruits of the mountain cranberry or lingen berry, Vac 
cinium Vitis-tdaea. are often collected from the wild and 
marketed, especially in Europe. 

The cranberry plant is a low-growing vine with persistent 
leaves and a shallow. One, fibrous root system. In late summer 
flower buds are initiated near the end of shoots (uprights) that 
arise from the main runners and on which the fruit are borne 
the subsequent year. Adequate pollination is essential and 
bee colonies are generally brought into bogs during the flow- 
ering period. 

The cranberry is restricted to acid soils of pH 3.2 to 4.5; 
alkaline peat and ordinary gardes and farm soils are not 
suitable for its culture. A targe supply of water is needed near 
the bogs for irrigation, as well as for flooding as a means of 
protection against winter injury, untimely frosts, and insects. 
All except the West Coast bogs need to be flooded in winter 
to prevent "winter killing," a grower's terra for winter desav 
cation, a killing of the plana caused by moisture loss from the 
leaves at a time when roots are in frozen ground. It is un- 
necessary and u n desi rab le to flood higher than the tallest 
cranberry vines. 

Because cranberry bogs are situated in the lower elevations 
of the landscape, they are more susceptible than most crops 
to frosts in spring and autumn, when, on clear, soil nights, 
the heavier, cold air from surrounding " p'a rrdt drains onto 



thfl -bogs and stratifies, with the coldest layers at the base and 
warmer air above. Formerly it was customary to flood the 

thf i"^ oS?* 110 " ° f hazar ? 0u ? ,ow temperatures, but since 
the mid.l960s some two-thirds of the cranberry acreage 
have been provided with low-gaUonage sprinkler systems 
which provide almost instantaneous frost protection. Despite 
the development of sophisticated frost-warning systems. 
Hooding the bogs is at best slow, requiring about 300,000 
gallons per acre and the onset of low temperatures fre- 
quently outpaced the protecting flood. With sprinklers, pro- 
tection is assured with completion of the first rotation of the 
sprinkler heads, and protection continues as long as they are 
in operation. 

Sprinklers are much more economical of water, most being 
designed to use about 30 gallons per acre per minute, an 
acre-inch being needed for all-night frost protection. They 
are infinitely more useful for summer irrigation than flooding 
and they have proved themselves efficient in the distribution 
of fungicides and insecticides. 

New commercial bogs are developed in a series of beds 
about two acres in size and serviced by a single reservoir of 
water. The preparation and planting of a cranberry bog is an 
expensive and time-consuming operation. Existing vegeta- 
tion and tree stumps must be removed and the peat leveled 
Ditches must be dug around the swamp and at intervals 
through the bog to facilitate flooding and drainage. In most 
areas a few inches of sand is spread on the peat before spread- 
ing newly mown cuttings 3-1 inches long over the surface 
and "discing-in" with a simple machine looking like a disc 
harrow but with flat, blunt blades. 

Rooted cuttings may also be planted at 12-inch spacings in 
and between rows. Then follows three or four vears in which 
weed and insect control must be achieved before the first 
commercial harvest can be made. Every three to five years 
bogs are sanded with % inch of sand in the autumn after 
harvest to provide a suitable medium for root growth and 
insect control. During the growing season the water table is 
maintained at 9-12 inches below the surface. With careful 
management, a cranberry bog may continue to produce an 
annual crop thereafter for a century or more. 

Because of high labor costs and a short harvesting season, 
cranberries are now largely harvested with special machines. 
Water harvesting, where the bog is flooded to a depth of 6^8 
inches, is preferred over dry harvesting. The harvester rakes 
or beats the berries from the vines. These berries float to the 
surface and are gathered. Dry harvesting by mechanical 
means is less efficient because up to 30 percent of the crop 
is lost by berries dropping to the surface of the bog. Cranber- 
ries are now seldom harvested with hand scoops or by hand 
except occasionally for finishing up the margins of the bogs 
where it is difficult for machines to operate. 

The average yield of an acre of cranberries is 100 barrels 
and occasional bogs will produce double that Over half of all 
cranberries grown for processing are used in cranberry 
juices; the balance is made into sauces, relishes, and pie fill- 
ings. Only 20 percent of the cranberry crop is sold as fresh 
fruit 

Most of the annual crop is derived from named cuitivars 
representing selections from wild cranberry vines. Early 
Black* and 'Howes' predominate in Massachusetts and New 
Jersey, 'Searless Jumbo' in Wisconsin, and 'McFarlin* in the 
Pacific Northwest Hybrids derived from crosses of named 
selections are slowly being introduced, 'Stevens' being nota- 
ble, particularly in Wisconsin. 

The raising of cranberries is a highly specialized form of 
agriculture requiring heavy capital investment, daily surveil- 
lance of weather, insects, and other hazards, and in recent 
years the margin of profit has been narrow. 

CRASPEDIA C. Font Compotita* (Inula Tribe). About 7 
spp. of ann. or per. herbs, native to Australia, New Zeal, and 
Tasmania; Ivs. in a basal rosette or alt on stt. entire; infl. a 
compound head co m posed of many 3- 10- Ad. individual 
heads crowded together in an ovoid or globose terminal dus- 
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CROCiMtAi. A, toem semoerwens. Aa, flowering plant. X V* Ab, raceme, x V,; Ac flower, side view, x 2: Ad, flower, 
nee vtew. x 2; At, tumem and pistil, x 4; Atf, stigma, x 6; Ag, bate of pistil, vertical section, x 6; Ah, ovary, cross 
section, x 6. Ai. fruit (a nKleh x I : Ai, fruit cross section, x 2. 1, Mnperts mstronstis: It, flow tnng stem, x V* Bb. 
flower, tide view, x V 4 , Be, flower, face view, x V* Bd, stamens and ptstil. x 1 V,; te. stigma, x 10; Bf, pistil, vertical 
section, x 5; Bg, ovary, cross section, x 1 5. Bh, fruit (a wlwjue). x '/,; Si. fruit, cross section, x 2: Bj, seed, x 5: 8k, 
seed, cross section (cotviedons incumbent), x 6. C £«ct*re//j a/pma. Ca» ftowenng plant, x '/,; Cb, segment of stem 
with stellate hairs, x 10; Cc. flower, side view, x 2; Cd, flower, face view, x 2; Ce, stamens and pistil, x 3; Cf, base 
of pistil, ovary in vertical section, x 6; Cs> ovary, cross section, x 10; Ch, fruit, x 1 '/,; CI fruit cross section, x 1 '/,; 
Ci. seed, x 5; Ck, seed, cross section (cotyledons accumbentl, x 6. 0. fispAinus stow Da, fruit X '/,; Ob, fruit 
vertical section, x Dc seed, x J; Od, seed, cross section (cotyledons conduplicate). x 3. t Crsmbe msntf/ns; Ca, 
fruit, x 1 v ): Eb. fruit, cross section, x 1 V t ; Ec, seed, x 2; Ed. seed, cross section (cotyledons condupticstel, x 3 . F, isstts 
tmaort*: Fa, fruit, x IV,; Fb, fruit cross section, x 4; Fc, seed, x 5: Fd, seed, cross section (cotyledons incumbent), 
x 8. 



of homcukuxe with variegated foliage belong to the genua Codimwum. 
The following epithets soraeccnes. but incorrectly, used in Croton are 
properly treated as cumvars of Codiawum vancgatum var. ptctum. 
and are listed under that name: Andnmnum, onftuttssimum, anight- 
m*nm aucubifolium. bogonmsm, bruxsltsnsa. Craifti, - dsiicatis- 
nmum, wdmontonms*. ghnosum. graetotum, Gntsoniu intsrmptum. 
Unmans nigmcxw. mont*fontain*nm, ptctum, punctmtum, punc- 
tatum aurwum, Reidii Sandsn, Schattit, rptmis, Warrrnii, Wsigmmmi 

oacmtachyi Hoc hit ex A. Rich. Monoectoua tree, to 30 ft or more; 
I vs. ovate. 1 %-4 in. long, cordate, crenuleta; laca mo a uiuaily unisex- 
ual male to 10 in. long. many-ddU fimiale to 4 in. long; female fb. 
without petals, male As. with petals, stamens IS. l<tBt, a*, and e. Ah*. 

megaiobotryt MulL Arg. Large, mnscsmri tree. 20-00 ft; lvt. ovate 
to ovate-lanceolate, 1 V«3 in. long. jong-eorrninafo, ro un ded or trun- 
cate, serrate to dentate; meat ta. with pedis, many, in 1-4 in. r a c em e a 
on short lateral bnnchlett, stamens 20-25. Se. and i-cent Air. 

rnegaJocarpua Hutch. M onoe o oua tree. 70-40 ft; Ivs. oblong-lan- 
ceolate or eUiptsc-obaoaa^ to 5 in. long* entire, denaeiy acaiy below; 
St. with petala. in racemea. to 10 m. long, female fb. below, male fb. 
above, stamens 25. Trop. Af>. 

raonanthofynus Micro. PftAUin TXa. Mo no e cio us, gi— ann. 
to 2 ft. its. often urobeUatety 3-4-forked in lower part; lvt. oblong to 
ovate, enore; male As. with petala, stamens 3-8, female fit. without 
petala. ovary often with only 1 or 2 ceils. Va. to Kans_ a. to Ce*, Te*_ 
and Max 

pactum Codiatmm mnegtntm var. 

CRUCIAN ELLA L. Crosswort. Rubiacm. About 30 or 
more sop. of ann. or per. herbs or half-shrubs, with slender 
4-angled sts.. from Medit region, w. to Iran and cent Asia; 
upper lvt, opp., lacking stipules, tower Lvt. whorled; fls. in 
spikes or clusters subtended by bracts, small, white* rosy or 
blue, 4-5-merous, corolla funneiforrn, tube long; fr. dry, de- 
hiscent into 2 halves. 



Crown in rock gardens, where they thrive in partial shade. Propa- 
gated by division and by seeds. 

ans^tattfolia L Ann., to 1% ft; Ivs. in whorb of 4-6. ail linear-subu- 
late, very scabrous, margins recurved; da. white, minute. Cent and 
s. Eur. 

h eaha n ea Forssk. Amu to 1 ft or more; I vs. ovate-oblong or the 
upper linear; fb. in dense, linear spikes to 2 in. long. Egypt. 

lattfoUa L. Ann., to I Si ft; lower lvt. obovata to oblong, upper I vs. 
uhear*uusoeoiate; As. whshsh. in slander, linear spikes. S. Eur. 

styioaa Trin. Prostrate amv, sts. to 9 in. long; lvt. in whorb of 8-0. 
lanotolare, to % in. long; As. deep rose, in gfcoboee heads % in. across, 
styles loog-exserted Iran. Cv. Tannines' is listed, 

^ CRUCIFERAE Juss. or. alternatively, BBASSICACEAE 
' Burnett. MUSTARD family. Oicot; about 350 genera and 
3.200 spp. of pungent or acrid herbs of various habit; lvs. alt, 
without stipules; fls. in terminal racemes or corymbs, usually 
Ki—«ii«i regular, sepals 4, deciduous, petals 4, their spread* 
ing li'.nbs ronning a cross, stimem 6, 2 of these shorter and 
inserted lower than the others, pistil of 2 carpels, ovary su- 
perior; fr. a 2-ceiled caps., varying in form (known as a silique 
when elongated or a slide when short and broad) but usually 
opening by 2 valves from below, seeds without endosperm, 
filled by a large embryo curved or folded in various ways, 
yielding (along with the fr.) the important taxonomic charac* 
ten of the family. 

The cultivated genera are: Acthiontma. Alyssoidss, Aly* 
xusa, Anastatic* Ambidopsu, Ambit Armoraaa, Aubritta, 
Aurinia, Barbara fiarnrroo, BiicuUUa, Brassica, Bunias, 
Catdamitm, Chmronthus. Cochlmria, Crambm\ Dcntaria, Pi* 
piotaxu, Dithyrm, Draba\ £ruos. Erysimum, fibigia, Hclio- 
phila, Hetpris, Huguminim, Hutchinsia. Ibtru, Ionop- 
sidiun\ Itatis, Xtfrnero, Ltpidium, Luqumlla, Lobtdaria* 



Crucifera* 

Lunana. Malcolmta. Matthiota, \fonsio. Nasturtium p e L 

tana, Petwcatiis Phoentcauiis. Physarta. Raohanus, /fc. 

nppa Schivereckta. Schtzopetalon. Sisymbrium. Sm*. 

lowskia. Stanltya. Stenodmba. Subuiana, Thetypodium 

Thlaspi. and Thysanocarpuj. 

The mustard family includes many ornamental species. It is also the 
tource of important vegetables, par tieulariy in the genera Brmnca 

broccoli. Brussels sprouts, cabbage. Chinese cabbage, kale, kohlrabi, 
rutabaga, tunupi. Uptdium (cress i. Satturttumx watercress!, and Ba- 
pAaniu (radish); of condiment producing plants, such as the common 
horseradish 'Armoraaat. Japanese horseradish iWtuabia japontcat 
and mustard Bnusxcaj. And of important oilseed plants iBnuiox 
Cmmbtt 

CRUPINA Cass. Composite* (Carduus Tribe*. Two or 3 
spp. of ann. herbs, native to s. Eur. and w. Asia; Ivs. ptnnately 
dissected; 8. heads long-peduncled. involucral bracts acumi- 
nate, not spiny; fls. tight purple, ail tubular, few; pappus 
blackish-brown, in 2 rows, the outer of graduated bristles, the 
inner of scales. 

vulgaris Cats. ( Ctntaurm Crupimt L). To 2 ft.; lowermost Ivs. oblae- 
ceolate. to 6 in. long, entire or lobed. the rest snudler. cut into denticu- 
late linear segms.: heads V 4 in. long. 3-5-fld.; fls. not much longer than 
involucre. S. Eur. 

CRUSEA Scnlechtend. 6r Cham. Rubiacm. About 13 spp. 
of usually low ann. or per. herbs, native to s. .Ariz, and New 
Mex., s. to Mex. and Cent. Amer., with sts. cylindrical or 
sometimes more or less 4- angled; Ivs. 4- ranked, ovate or lan- 
ceolate, conspicuously nerved, stipules united with petioles 
to form a sheath; As. in heads surrounded by leaflike bracts, 
usually pink or violet. 4-merous. corolla funnelfonn, tube 
ilender. lobes spreading; fr. longihicuiully dehiscent into 2 
dry, I -seeded sections. 

calocephaU DC ( C vwlacm Brongn. ex J. Neumann]. Per. or rarely 
ann.. so. usually decumbent, often rooting, cylindrical hairy, erect sts. 
4-10 in. or more; Ivs. sessile, ovate. y«-a% in. long, with 6 veins parallel 
to nudvein, m pules awned; fls. violet. Mex. and Cent. Amer. 

violaceat C. calocrphaia. 

CRYOPHYTUM: MESEMBR YANTHEMUM. 

CRYOSOPHILA Blume [Acanthorrhiza H. WendLJ. Pal- 
mae. A few spp. of small or medium palms with bisexual fls., 
in Mex., Cent Amer. and n. S. Amer.. root-spines closely 
covering the trunk at least towards the base; Ivs. palmate, 
divided nearly to base at center and then into 1- to several- 
ribbed, acute segms. on each ride, petiole with smooth 
margins; inh\ among Ivs., arched, with tomentose loosely 
sheathing bracts on peduncle, rachillae many; fls. solitary, 
creamy-white to purplish, sepals 3, briefly united baxally. pet- 
als 3. imbricate, stamens 6, filaments united to the middle or 
above, carpels 3, with subulate styles; fr. yellowish to white, 
globose to pear-shaped or oblong, seed globose with homoge- 
neous endosperm and no intrusion of the seed coat 
Several species planted as ornamentals For culture see fUsu 
argentea Baruett To nearly 20 ft; lva> to 3 ft. long, ribs about 44, 
blade divided to middle and into about 9 segms. on each «4 e, lacking 
conspicuous croa>veuuets when dry; fr. about % in. in diam. Brit 
Honduras. Guatemala. 

nana (HBJO Bhime ex Salomon [Aemnthorrhixa acuimtm (Uebm.) 
H. Wendl). Small tree to 15 ft, crunk gray with short spines to 1 in. 
long; Ivs. green above, sdvesy beneath, lacking conspicuous croat* 
vetniets when dry. ribs to SO. segms. to 2 a long, 1 in. wtde; infl. short, 
to 1 ft. long in fr.. lower bracts to 6 in. loam rrimeni united riser!) 
to apex: fr. globose, to*, in. long. CtJcareous rata, w. Mex. Warmest 
parts of Zone 9b in Fla. Sometimes contused with C Wa mxumui. 

WaiicewiextifH. Wendi) Bartiert. To 20 ft. or more, trunk gray with 
long root-rpvaes at base, b ec oming nearly smooth above in age; lvs. 
green above, silvery beneath, with conspicuous i lies »emUli when 
dry, segms. 30-40. to 3 ft. long, 1% in. wide. 1 4 ribbed, ini. to 2 ft. 
long or more, lower bracts &-10 in. long; stamens united about batf 
their length; fr. globose to pear-shaped, to L in. long, white. Coata Baca 
to Panama, Cult in s. FUu, often under the same itoxtfAevrftxee 
ocu/eote. 

CRYPTANTHA Lehra. ex Fisch. kCA. Mey. Whot FOR- 
CET'Mjf-NOT. Boraginacta*. About 100 spp. of ruspid or 
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Cryptanthu* 

setose, ann. and per. herbs, mostly of w. N. Amer.. but some 
native to w and $. S. Amer.; ivs. simple, alt., entire: fls. white 
or rarely yellow, small, many, in bractiess or bracted scorpi- 
° . SP L , u°L racemes - wiy somewhat cymose-paniculate. 
calyx 5-lobed or -cleft, corolla 5-lobed. funnelform. coroUa 
throat with scales, stamens 3. included: fr. of 1-4. erect, rough 
or smooth nutlets. 

Rarely sown in the wild garden in the region where they grow. 

intermedia tA. Cray> Creene. Much-branched. hispid arm.. M * ft; 
Ivs. linear to lanceolate, to I in. long: in*, bracdeu; fls. white, to *. 
in. across; nutlets usually 4. rough. N. Calif, to Baja Calif. 

JI^k' 8 ??* ?iym ' HMWf "*» 1 or mo « ^ding ,ts.. 
to IQ ui.: basal Ivs. spatulate to ob lanceolate, to 1'/, in. long: infl 
bracted with many yellow hairs: a*, white, to % m. wide; nudets 4. 
somewhat glossy, rough. E. Waah. and Ore. to Montana. 

CRYFTAiNTHUS Klotisch. Eaath-staf. Bromeliacea*. 
About 20 spp. of terrestrial stoloniferous herbs, native to Bra- 
zil, usually with flattened rosettes of Ivs.. rarely with leafy sts 
Ivs. stiff, pnckly-margmed; fls. white or greenish-white, borne 
in small heads among the foliage, inner as. often sterile, sepals 
united into a tube, petals not appendaged. united into a tube, 
the lobes spreading, ovary inferior; fr. a beny. seeds without 
appendages. 

Crown as foliage plants under glass, in the home, or outdoors in 
warm climates. Propagated by offsets; thnve in bright run or altered 
shade. For culture see Bromtiiacms. 

Hybrids of several spp are listed, the moat common parents being 
C bahtantu. C. Btvckm. and C sonatiu. Cryptanthus Butch** and 
C bohtontu have been crossed with spp, of Billbwrgut and the result- 
ing hybrids are listed as x Oyprhergseor sometimes as x Bit tan thus. 

acaulis (Lindl.) Beer. StaaTUH SWT. Nearly stemiexa; Ivs. elliptic- 
lanceolate, to 6 in. long. 1% in. wide, with undulate, pnekiy rnarmns. 
green, white-scurry beneath; fls. 1H in. long, tube of calyx much 
longer than the lobes, the lobes entire or nearly so. Small foliage plant 
with many cvs.; R<Mee-pictuj is listed: 'Roaeua', Ivs. tinged rose^ink; 
Ruber' (var. rubwr Kort ex Beer). Ivs. onged red. V*r. brooseliotdeai 
C bromtiioidM*. Var. ajvmtfoliuai C divmfotius. 

bahianus L B. Sm. St long and leafy: Ivs. narrowly triangular, to 
10 in. long. S in. wide, with routes to in. long, green and smooth 
above, becoming red-tinged, white-scurfy beneath; fls. to I in. long, 
petals white. Withstands full sun. 
Bankerii a listed name, probably in error for C Bcuckm. 
Beuekeri E. Morr. Lvs. to 5 in. long. 2 in. wide, narrowed to a petiole 
about 2 in. long, or the inner sessile and triangular, brownish-green 
or rosy-rpocted. or sniped with light green. 

bsvittatus (Hook.) Reget Stemless or nearly so; lvs. strongly acumi- 
nate, arching, spiny, greenish-brown above, with 2 reddish or pink 
longitudinal stripes; fls. white. Cv. 'Luddamanii*, of larger nxe. Cv. 
'Miner', is listed 

bromeueades Otto * A Otetr. (C acauliM w bromtiioidss (Otto 
* A Dierr.) Mex). Pink c Lvs. all alike, not penoied. to 7 in. long. 
IH in. wide, spmy-margmed. green above, silvery beneath; infl. on a 
scape fl in. high; fls. many, in clusters of 4-6 u axils of keeled 1 bracts, 
muky-white. IS in. long; tube of calyi longer than the lobes. Some- 
times grown under die name C urrminaiu. Var. tricolor M. B. Foster. 
RaiNbow-sta*. Lvs. striped with ivory-white and green, overlaid 
with carrnine-rose. 

djversifbliua Beer (C acaulit var. divmfoliut (Beer) Mex). Lvs. 
di mor p h i c , gradually narrowed at the base, to 1 ft long. 1% in. wide, 
uniibnnly colored above and beneath; ft. bracts to H in. long; sepals 



Foatetmnua L A. Sm. Lvs. constricted at beat, all alike, duck and 
fleshy, marked with irregular dark brown croasbends above; calyx M« 
in. long. 

Laeerdee AnL StLVKB-tTAA. Small, stemless; lvs. all alike, not pets* 
oled, scarcely more rJtan 2 in. long, ashy-w hi te scurry but with 2 len* 
guudlnai gkbfoua^ gren 
lone. 
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ABSTRACT Consumption of vegetables, especially cruel- 
fers* reduces the risk of developing c ancer. Although the 
mechanisms of this protection are ttneieer. feeding of i 
bfes induces enzymes of xenobiotic mcti 
accelerates the metabolic dbposal of xenobiotks. Induction of 
phase II detoxJcatioo enzymes* sues as qui none reductase 
(NAWP)H:(qoioooe-ecceptor> oxidoreductase, EC 1. 4.90.2 1 
and glutathione 5-trsnsferascs (EC 2~5.1.I8) in rodent tissues 
aflbrds protection against esjttaofcns end other totic e friU o - 
phHcs* To dc tii mine whether enzyme induction is i 
for the protective properties of vegetables in hnnuM 
boiatlon of cnxymo induce* s from these sonrees* Bytponitortng 
quinone reductase indoction to cuitured murine hepatoma ceiis 
as the bfotogfcsJ assay, we haw isolated and identified 
Isothiocyanato^4*Mmethylsuinnyl)botan« (CHr— SO— 
(CHi>4--NCS, suiforaphane) as a major and very potent phase 
II enzyme inducer in SAGA broccott (Bmsswm ofaracen amUcaU 
Suiforaphano is a l u ono ftinrti onsi iodncer, Uko other anttaar* 
rfnogenk iscihiocTaiiates, and induces phase II < 
lively without the induction of aryi hydrocarbon 
dependent cytochromes P-4S0 (phase I enzymes). To i 
the stiiRtuiai features r es po nsi ble for Use high indfl 
of suiforaphane. we synthesized racemk 
analogues differing in the oxidation state of sulfur and the 
number of methylene groups: CHj—SO.— (CHi).— NCS, 
where m ■ 0, 1, or 2 and a ■ h «\ or 5 f and mia s und their 
inducer p ot e ncie s in murine hepatoma cetts. SeUforaphane b 
(he most potent inducer, and the presence of oxygen on saifar 

ad its sahlde and soifoue 
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Individuals who consume large amounts of green and yellow 
vegetables have a lower risk of de v el op ing cancer (1-3). 
Feeding of such Lgstablss to rodents also protects against 
chemical caraiiogsmnii (4, J), and it resoita in ^induction 
in many tissues of phase III cnzymr.1 r g»« quinone reduc- 
tase (QR: NArXP)H^iaiiiiiwni aiTrpmrtoiJO^redoctstfc, EC 
1.6.99.21 and gtutaibftoe* transferases (EC 2J.1.181 (11- 
17). Although much cadence suggests that tnduoion of these 
etizy^nes is a rnajor mcchajm 

( 1H-20). the precise rule of enzyme induction m protection of 
humans requires cimifaatiun.-The preceding report (21) 
shows that measurement of QR activity in Hepa iclc7 1 
hepatoma cells provides a rapid, reliable^and 
index of phase II enzyme inducer activity to 
Using this assay (21-24). we found that ouuf ero us _ 
Mes (brc*coii. catiiinower. mustard^ cress, bnnseis sprouts) 
werear^scufcac/imhicerac^ Wa chose to i 



Sate broccoli (Brasxiva otrravea itutivai specifically because 
it is consumed in substantial quantities by Western societies 
and has been shown to contain abundant phase II enzyme 
inducer activity (21). In (his paper we describe the isolation 
and identification of a potent major phase II enzyme inducer 
from broccoli. 

MATERIALS ANO METHODS 
Source of Vegetables and Preparation of Extracts. SAGA 
broccoli wax grown by Andrew Aver 1 Maine l*uckcrs. Car* 
(boo. ME). SAGA is synonymous with Mariner broccoli 
(Petosced. Arroyo Grande. CA) and was adapted for growing 
in Maine by Smith. Ayer. Goughan. and Arrow. The broccoli 
was harvested when ripe, frozen immediately, shipped to our 
laboratory in dry ice. and stored at -2CTC until processed. 

For preliminary survey of inducer activity in broccoli 
samples, florets were homogenized with 2 vol of water at 4*C, 
and the resultant soups were lyophiitzed to give powders, 
which were stored at -20"C. Portions (400 mgl of these 
powders were extracted for 6 hr with 14 ml of acetonitnle in 
glass-stoppered vessels on a wrist-action shaker at 4*C. The 
extracts were filtered through a sintered glass funnel and 
evaporated to dryness in a rotating evaporator (<40*C). The 
residues were dissolved or suspended in 100 ui of dimethyl 
formamide and assayed for inducer activity. 

Assay of Inducer Activity. Inducer potency Tor QR was 
measured in Hcpa lcic7 murine hepatoma cells grown in 
96- well microtiter plates (21. 24). The cells (10.000 per well) 
were grown for 24 hr and then exposed to inducer for 48 hr. 
Usually 20 ui of the solutions to be assayed (in acetonitnle or 
dimethyl formumidc) was added to 10.0 ml of medium and 
2-fotd serai dilutions were used for the microtiter plates. The 
flnal organic solvent concentration was always less than 0.2% 
by volume. One unit of inducer activity is defined as the 
amount that when added to a single microtiter well (contain- 
ing 130 id of medium) doubles the QR specific activity. The 
inducer potency of compounds of known structure has been 
determined in the above system also, and it is expressed as 

Abbreviation*: QR. quinooe reductase | N ACM P)H:t qui none- 
empto r! o i i dnr iili n arr EC 1A.90.21; CD vatoe. the concentration 
of a m i n i - 1 required to double the oumune rcdwctu.se specific 
activity m Iter* Iclc7 manor Imw i i wi u vetta. 
To whom rrnrwi rnpNnls sfewfcl he uddrcMcd. 
*Ettzvas«s of wmibhiw rnctatetesm beams to two families (6): (*) 
sheas I enzymes <**.. cytochrome! P-430). which fuitctiofiaiize 
compounds, usually by oxidation or reduction: auhough their 
onmarv role is to detoxify lemihiotirs. several cytochromes P-450 
rvn il li late uhw an iiwaiii in lasjhtr rrartr-T — — ~r~ 
(7h and Uf) pases II 
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the concentration required to double (CO value) the QR 
activity. 

The inductions of QR and glutathione transferase activities 
in mou.se organs were studied according to a standard pro- 
tocol (25). 

Synthesis of Compounds. (i?.5 )-Sulforaphane (CAS 4478- 
93-7) was prepared according to Schmid and Karrer (26) 
except that gaseous thiomethanol was replaced by sodium 
thtomethoxide. The sulfide analogues, CHi— S— (CHj).— 
NCS, where n is 4 [erucin (CAS 4430-36-8)1 or 5 (berterotn 
(CAS 4430-42-6)1 were prepared as described (27). and the 
three-carbon analogue [ibervcrin (CAS 505-79-3)1 was pre- 
pared from phthaurrudopropy! bromide (26). IR spectra of all 
three sulfide analogues showed strong absorptions near 2150 
cm" 1 , characteristic of isothiocyanates. »H NMR spectra of 
these compounds show sharp singlets at * 2.10 ppm (CHr-S 
group). The sulfoxide analogues where n is 3 (ibenn (CAS 
505-44-2)1 or 5 (aiysstn (CAS 646-23-1)1 were prepared by the 
same method as sulforaphane. IR spectra of these compounds 
showed strong absorptions near 2100 era" 1 , assigned to the 
— NCS group. 'H NMR spectra also showed sharp singlets 
around 6 2J ppm, consistent with the presence of the 
CH r— SO group. The sulfone analogues. CH r— SOr— (CHik— 
NCS, where n is 3 [cheiroitn (CAS 505-344)), 4 (erysoUn (CAS 
504-84-7)), or 5 (unreported) were prepared by known methods 
(28). l H NMR (3 - 2.9 pom. for CHi— SOf-) *P«tra 
of these compounds were consistent with (he structures. 
Every analogue except i-isothtocyanato-5-methytsulfonyl- 
pentane (CHr-SOx— (CHi)r-NCSl has been isolated from 
plants (29). 

RESULTS 

Isolation of Inducer Activity. We selected SAGA broccoli 
for study because acetonitrile extracts of lyophilized ho- 
mogenates of this variety were especially rich in inducer 



activity (62.500 units per gj in c mparison with other vege- 
tables (21). Fractionation of acetonitrile extracts of SAGA 
broccoli by preparative reverse-phase HPLC (Fig. 1) with a 
water/ methanol solvent gradient resulted in recovery of 
70-90% of the applied inducer activity in the chromato- 
graphic fractions. Surprisingly, the majority (about 65-80% 
in several chromatographies) of the recovered activity was 
associated with a single and relatively sharp peak (fractions 
18-23; eluted at 64-71% (vol/vol) methanol I . This HPLC 
procedure was therefore adopted as the first step of the 
larger-scale isolation of inducer activity. 

Lyophilized SAGA broccoli was extracted three times with 
acetonitrile (35 ml/g) for 6 hr each at 4*C. The pooled extracts 
were filtered and evaporated to dryness under reduced 
pressure on a rotating evaporator (<40*C). About 1 g of 
residue from 640 g of fresh broccoli (64 g of lyophilized 
powder) contained 3.6 x 10* units of inducer activity. The 
residue was mixed thoroughly with 120 ml of methanol/water 
(25/75. vol/vol) and the insoluble fraction was. discarded. 
Although not all of the residue obtained from the extraction 
was soluble in aqueous methanol, the solvent partition pro- 
cedure resulted in substantial purification without significant 
loss of inducer activity. Portions of the extract were dried in 
a vacuum centrifuge and dissolved in small volumes of 
dimethyl fonnamide (0.75-LO ml per 50 mg of residue), and 
50-mg portions were subjected to HPLC (nine runs) as 
described in the legend of Fig. I. Fractions 18-23 from all 
runs were pooled, evaporated to dryness, applied in aceto- 
nitrile to five preparative silica TLC plates (100 x 200 x 0.25 
mm), and developed with acetonitrile. which was run to the 
top of each plate three times. Four major fluorescence- 
quenching components were resolved, and nearly all (99%) of 
the inducer activity migrated at Rf 0.4. The active bands were 
eluted with acetonstriie, pooled, and fractionated by two runs 
on a second preparative reverse-phase HPLC in a water/ 
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acetonitnlc gradient (Fig. 2). Ultravi let absorption and 
inducer activity were edited in a sharp coincident peak (at 
66% acetonitnlc) that contained all of the activity applied to 
the column. Evaporation (<40TQ of the active fractions gave 
8.9 mg of a slightly yellow liquid, which contained 258,000 
inducer units (overall yield 15%) and migrated as a single 
band on TLC. 

[dentiflcatioo of Inducer. The identity of the inducer was 
established by spectroscopic methods and confirmed by 
chemical synthesis. II is (-)-l-isothiocyanato-<4ft)- 
(methylsulflnyObutane. known as sulfomphane or sul- 
phoraphane (CAS 4478-93-7): 



O 

ii 



-N=C=S 



Hrff 



Sulfomphane has been synthesized (26) and isolated from 
leaves of hoary cress (30) and from other plants (31), and the 
absolute configuration has been assigned (32). The closely 
related olefin sulforaphene (4Hsothiocyanato-< LflHmethy I- 
suifinylVHeD-butene (CAS 240446-8)1 has been isolated 
from radish seeds and other plana (33. 34) and has also been 
synthesized (35, 36). 

The following evidence establishes that (/O-sulforaphane is 
the inducer isolated from broccoli. U V spectrum (HjO): ^ 
238 nm, < m 910 M" l, cm" 1 ; addition of NaOH (0.1 M) 
blue-shifted (A mi 226 nm) and intensified 15J00 
M~ ■xm" 1 ) this absorption band, consistent with the behavior 
of isothiocyanates (37). !R (Fourier transform, neat): strong 
absorptions at 2179 and 2108 cm" 1 and also at 1350 cm" 4 , 
characteristic of isothiocyanates (27). l H NMR (400 MHz. 




PtO. 2. Second 
inducer activity from SAGA 
obtained from two or duos 



HPLC of i 
The active Ma 
stttcm TLC pteua (see text) 



0J2-ma porosity fitters, m 
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2D-*wt period. The etsste from 17.0 to W«0 nan was < 
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C'HCl,): 6 3.60 (t. 2H. J - 6.1 Hz. — CHf-NCS). 2.80-2.66 
(m. 2H. — CHr-SO— >. 2.60 (s. 3H. CHr-SO— ). and 1.99- 
1.86 ppm (m. 4H. — CHjCHr— K l3 C NMR (400 MHz. 
C'HCli): & 53.5. 44.6, 38.7. 29.0, and 20.1 ppm. Mass 
spectrometry (fast atom bombardment; thioglycerol matrix) 
gave prominent peaks at 178 (M + H)* and 355 (M, + H)* . 
Electron impact mass spectrometry gave a small molecular 
ion (M*) at 177. and chemical ionization mass spectrometry 
gave a small molecular ion (M «■ H)* at 178 and prominent 
fragment ionx with maxxc* of 160. 1 14. and 72. consistent with 
the following fragmentation: 



H 

I J : : 

H—C—S- i av-csj— ch x -;-cxi x — n=c=s i 

H Oil j 72 1 

: ; U4 1 

• • * 

j 160 ■ -; 

Precise masses of molecular and fragment ions obtained by 
electron impact mass spectrometry were 177.0286 (calculated 
for CaHuNOS,, 177.0283). 160.0257 (calculated for 
GtHtoNSx, 160.0255), and 71.9909 (calculated for C 1 H,NS l , 
71.9908). In addition, for the mass 160 fragment, the peaks at 
161 (M + I) and 162 (M + 2) were 8.43% (calculated. 8.44%) 
and 9.45% (calculated. 10.2%), respectively, of the parent 
ion. Similarly, for the mass 72 fragment, the peaks at 73 (M 
+ 1) and 74 (M + 2) were 3.42% (calculated, 3.32%) and 
5.23% (calculated. 4.44%), respectively, of the parent ion. 
Hence the isotope compositions corrected for the natural 
isotope abundance (of lJ C, U N, "S, and "S) were consistent 
with the relative intensities of the M + 1 and M + 2 ions of 
both fragments. The optical rotation of the isolated material 
was fa iff -63.6* (c - 0.5, CHrCIi)* thus establishing that the 
product is largely, if not exclusively, the (-HA) enantiomer 
(literature [ofo -79*. -73.2*. -66*; rets. 26. 30, and 38. 
respectively). The spectroscopic properties of synthetic 
(A.5)^fc4iphane were identical to those of the isolated 
product. 

Retattee of Street*** to Inducer Activity Araoog Sol- 
fnrsnhani Analogies. To define the structural features of 
sulforaphane (chirality. state of oxidation of sulfur of the 
thiomethyi group, number of methylene bridging groups) 
important for inducer activity, we synthesized (R.Sh 
sulforaphane and the following analogues and measured their 
inducer potencies: CHr-S-HCHi).— N— C-S (it - 3. 4. or 
5 ): CHr— SO— <CH 3 ).— N— C-»S in - 3 or 5): and 
CHr-SOr-lCH,).— N— C— S (» - 3, 4. or 5). 

Inemcttea ofQRln Murine ll ipeto m a Cefla. The chirality of 
the sulfoxide does not affect inducer potency, since isolated 
(AVsuiforaphane and synthetic (*.5}-suiforaphane gave 
closely similar CD values of 0.4-0.8 jO*. Sulforaphane is 
therefore the moat potent monc4uoctsonmi (see below) in- 
ducer that has been identified (19, 20). Both (Rh and (R.Sh 
sulforaphane were relatively noncytotoxic: the concemra- 
tions required to depress ceil aTO*nhtoone^fwere 18*aM. 

Sulforaphane and the ux r esp o ndin g sulfone (erysoiin) 
were eouipotetrt as inducers of QIL wlieiees tlse correspond- 
ing sulfide (enacin) was about one-third as active (Table 1). 
Oxidation of the side-chain sulfide to sulfoxide or sulfone 
enhanced inducer potency, and compounds with 4 or 5 
methylene groups in the bridge linking CHjS— and 
N— C— S were more potent than those with 3 methylene 
groups (Tabic 1). ^ t i 

Mutaitts of Hepa lclc7 ceils defective in the Ah (aryl 
hydrocarbon) receptor or expression of cytochrome 
tMSMAl can iir rt ^fi H* monoronctsonel inducers (whsch 
tune II enzymes selectively) from bifunctionai in- 
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lahte i. ftwcncy of inducmm of QR in He pa lck7 ceils by mlfuraphanc ami unalogoci 

CD value. mM 

Compound 



n - 3 



«4 



*-5 



CHf-S-tCH;).- 
CH i— S-hCH;U— N— C— S 



3.5 (Ibervenni 
2.4 (Ibcnnt 



2.3 (Entcini 

0.4-0.8 (Suiroraphanc) 



1.7 <8enerotft» 
0.95 (Alyssinl 



O 

jj 

CHi— (CHO„— N— C— S 1.3 (Cheifoiinj 0.«2 (Eryiolin) 0.V8 

A 

Tnviui names are given in parentheses. See Kj«er (29). 



Jucen (which elevate both phase I and I! enzymes) (39, 40). 
When sulforaphane was tested with (he BFcl mutant (41) 
(detective in (Rinsnort of (he ligunded Ah receptor to (he 
nucleus), and the cl mutant (42) (which synthesizes inactive 
cytochrome P-4501 A 1). induction of QR was normal (data not 
shown). Sulforaphane is. therefore, like benzyl isothiocya* 
naie. a monofunctionai inducer (40) and is unlikely to elevate 
activities of cytochromes fM50 that could activate carcino- 
gens. 

Induction of QR and Gtatatluon* Transfer** Actrritfcs in 

Mice. When synthetic </?.5Muiforaphanc. erysolin. and era- 
cin were administered to female CD-I mice by gtvage (25), 
induction of QR and glutathione transferase activities was 
observed in the cytosois of several orpins (Table 2). Sul- 
foraphane and erucin (in daily doses of 15 pmok for 5 days) 
raised both enzyme activities 1.6* to 3.1-fold in liver, fore- 
stomach, glandular stomach, and mucosa of proximal small 
intestine, and to a lesser degree in lung. The sulfone (erysolin) 
wus more toxic, hut even 5-pmoJ daily doses for 5 days 
elevated the specific activities of ihesc enzymes in some 
tissues examined. We therefore conclude that sulforaphane 
and its analogues not only induce QR in Hepn lclc7 murine 
hepatoma cells but also induce both QR and glutathione 
transferase activities in a number of murine organs. 

DISCUSSION 

Two considerations prompt the belief that sulforaphane is a 
major and probably the principal inducer of phase II enzymes 
present in extracts of SAGA broccoli. First, high yields of 



inducer activity were obtained at each step of the isolation, 
and even in the first HPLC (Fig. 1) more than 60% of (he 
inducer activity was contained in a single chromatographic 
peak, the biological activity of which could not be subfrac- 
(ionated. Second, when a totally independent method of 
isolation of inducer activity by high-vacuum sublimation of 
lyophilized broccoli (5 j&m Hg pressure, 60-163*C, condenser 
at - 15*C) was used, nearly all the isolated inducer activity 
was found in the ntethanotaoiuble portion of the sublimate. 
Moreover, on HPLC (Fig. 2) this sublimed material gave rise 
to only a single isothiocyanate-containing fraction, which on 
TLC comigrated with authentic sulforaphane and after fur* 
(her purification by TLC provided a high yield of sul- 
foraphane characterized unequivocally by NMR. 

The finding that the majority of the inducer activity of 
SAGA broccoli-probably resides in a single chemical entity, 
an isothiocyanate, is of considerable interest. Isothtocy- 
anates (mustard oils) and their gtucosinotate precursors are 
widely distributed in higher plants and are especially preva- 
lent among cruciferous vegetables (29). Sulforaphane has 
been identified in species of Brassica, Ertica. and tberis (29. 
31). 

Isothjocyanates have been shown to block chemical car- 
cinogenesis. In rats, 1-naphthyl isothiocyanate suppressed 
hepatoma formation by 3-methylcholanthrene, 2-acetylami- 
nofluorene, diethylnitresamtne, m-toluenediaminc, and azo 
dyes (43-46). In mice, benzyl isothiocyanate blocked the 
neoplastic effects of diethytnttrosamtne or benzofolpyrene 
on lungaiidforestomach (47. 48). and a variety of phenylalkyl 
isothiocyanates reduced the pulmonary carcinogenicity of 
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the t bacco-derived carcinogenic nitrosamine 4-<methylm- 
trosamin >*H3-pyridylM-butanone (49. 50). The amicarb- 
n genie effects f previously studied isothiocyanates may be 
related t their capacity t induce phase II enzymes, which 
are involved in the metabolism f carcinogens (51*57). 

It will be important to establish whether the alterations of 
drug metabolism observed in humans and rodents after the 
ingestion of cruciferous vegetables (58. 59) can be ascribed to 
their content of sulforaphane. The finding that this isothte- 
cyanate is a major monofunctionaJ inducer of phase II 
enzymes in broccoli also provides the possibility of clarifying 
the relationship between enzyme induction and chemopro- 
tectton. 

We thank Andrew Aver for supplying generous quantities of 
SAGA broccoli. These studies were supported by grants from the 
National Cancer Institute (POt CA 44S30) and from the American 
Institute for Cancer Research. All animal experiments were in 
compliance with National Institutes of Health guidelines (60) and 
were approved by the Committee on Animal Care of Johns Hopkins 
University. 
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Cancer preventive properties of varieties 
of Brassica oleracea: a review 1-3 



Christopher WW Beeeher 

ABSTRACT Cabbage, broccoli. Brussels sprouts, and other 
members of the genus Bnustco have beea widely regarded as 
potentially cancer preventative, This view is often based on both 
experimental testing of crude extracts and epidemiological data. 
The experimental evidence that provides support for this possi* 
biltcy is reviewed for the oornmonly consumed varieties of 
Bmssica oUracta. In a majority of cases the biological activities 
seen in testing erode extracts may be directly related to specific 
chemicals that have been icpmted to be isolated from one of these 
closely related species, thus the rhrmtral evidence further sup* 
ports (he data from testing extracts and epidemiology. Am J 
Clin Star 199*J9<suppi):l 166S-70S. 
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Introduction 



Although most botanists would hardly agree that ** A rose may 
be a rose by any other name** (here would be substantial agree* 
mem that a cabbage and a cauliflower may be quite the same. 
These vegetables, and other closely related members of the 
Brassicaceae family, have received widespread notice recently as 
public figures have disavowed their consumption and scientists 
have upheld them as exemplary of rnedicmaly significant foods. 
Thus, in this article we review aO of the < 
that suggests thai there may be a < 
consumption of members of these closely related and commonly 
consumed vegetables (1. 2). Furthermore, in view of the exten- 
sive data (3, 4) that exist for these vegetables, we will restrict 
ourselves to those vegetables commonly classified as subvariedes 
of the species Bnasiea oUracm (Table 1). 

From the outset it must be realised that the published ex pen- 
mental data come from two different types of experimental pro- 
tocols. In the first type, evidence is published that co n cerns tests 
conducted on dse whole food (or from crude extracts). In the 
second type, tests an conducted on specific chemi^ 
that have been isolated from these foods. Specifically, we will 
cross-correlate these two bodies of data so that, when e ver pos- 
sible, the sped Ac compounds that may be responsible for an ob- 
servation seen in testing a crude extract are i d rmiflrri It is worth 
nodng that this information is often not available in die original 
article and tends credence to theinssMt 

It is our rnnmnon to provide support fort 
crude extract and toerjojy dm 

i for a given obs er v ati on may not yet be 



identified. Although various aspects of the chemistry (5). pfe*. v 
macology (6, 7). biology (8- 10). and general concepu of canes; ' 
cheniopreventton (11*13) have been reviewed separately, 
will provide an overview approach that demonstrates the ovenas 
between these various areas. Furthermore, it is important to n%. 
ognixe that many clinical trials are currently underway, (U) 
which, in preliminary reports, lend credence to the cancer pre. 
ventaove approaches (13, 16). 

Relevant biological activities 

The etiology of cancer follows no single track but rather is d* 
result of an accumulation of diverse events that lead to a comma 
endpotnt, namely the uncontrolled growth of a normally que* 
cent celL Nevertheless, there are generally recognized to be mas? 
common stages to the development of cancer. These sages (Ttg 
1) include an initial insult (or mutation) to the genetic raatcrul 
often delivered by a mutagen or other chemical agent but soy 
also be inherited or possibly viral in origin. A celt that has re- 
ceived such an insult is said to be initiated. An initiated cell wiO 
still be quiescent and not manifest in altered phenotype until it 
is promoted. The promotional act may similarly take multiple 
forms but it fundantentaily involves achieving a physiological 
state that signals the altered DNA to be read. Where the altered 
message leads to an unquenchable cycle of cellular division, tat 
ceil is considered cancerous. This aberrant equilibrium, where 
the cell cannot reset itself, will become a tumor if it cannot rcgua 
a "normal" or self-restrained equilibrium. 

Cancer chemotherapeuttc agena« directed agaiiw cancerous 
or fully promoted ceils and seek to selectively kill the cell based 
on some aspect of its aberrant biochemical equilibrium. As such, 
all current cancer treatment is based on compounds that arc toxic 
An ideal cancer chemc*herapeutic agent would be toxic only « 
cancer cells but the reality is that such specificity has not y* 
been acheived. Although this is clearly a suitable course whea 
the fatality of the disease is considered, the approach tu cancer 
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A,, mux commoiUy consumed members of the rcma 8rmca 

Species Variety Common name 



£o0)CB enineiuw 

aju0CO /KMW 




rtcto rnusura 
Bok choy 

MttSBrd grCCRS 


fteSPCBMP" 


»«r napobmxst ca 


Rutabaga 


^vpco ntfm 




Black mustard 


^spvaoirracm 


watwpMaia 


CoUatdft 




var aefphaia 


KaJe 


jjurirn rT/rnrrrrr 


var botryru 


Broccoli 


gftoiea ohraeec 


var botrytts 


Cauliflower 




W CQpltOUt 


Cabbage 


^ggMt ©ieroceo 


var gtmmifera 


Brussels sprouts 


augends orff nceo 


var torjriodts 


Kohlrabi 


jttsreo priinitui* 


var copitotB 


Cabbtft (Oiinese) 




var root/era 


Turnip 


jmerase 


V8f /HpiWIOB 


Red tunsp 



ctemopreventiori must be based on a very di ffer e nt strategy. In 
view of the fact that such agents must be used prophy tactically, 
(bey must exhibit few, if any, side effects and must have virtually 
ao toxicity* Id addition to these stringent requirements, it needs 
e be recognized that any compound that is to be considered as 
i cancer crieMoprevemive agent may also exhibit a suitable spec* 
tram of biological activity. 

Ib 'if*** chemopreventton the aim is to reduce the number of 
moated ceils, inhibit the promotion of initiated ceils, or even 
levene the promotion itself. Furthermore, each of these broad 
categories has many strategies that may be useful to cancer pre* 
veotton. First there are strategies that aim to reduce the initiation 
one. The agents here are classified as anrimutagens. desmutagens, 
inhibitors of enxymes that activate procarcinogens, or agents that 
emulate the metabolization of mutagens to less harmful metab* 
outes. Also included here are antioxidants because a portion of 
the genetic damage is likely die result of free radical damage 
(17- 21 ). Second, there are strategies that aim to reverse or inhibit 
the promotion stages. Biological activities that act at dus stags 
any set specifically on the promoted cell to cause it to rectiffer- 
ornate and hence regain control of its own division or they may 
as at any of the points in one of the se co n dar y messenger (or 
the related oncogene) systems that are frequently implicated as 
destabilizing agents. In the same light the biological conse- 
arcs of low4evel tnilammauon or constant low-level estro- 
genic stimulation are similarly considered detrsmliring (22. 23) 
tnd hence targets for chemopreventive approeclsts. 

As we consider such an eooaogy, wo en asso ciate specific 
Meassays that have bees described in the literature in relation to 
one or more of these points. Tims, as a basis fc* this arocie, we 
save undertaken to review die reports of relevant biologi ca l ao 
*vnies for Bnaica oitractn varieties. They will be organized 
m discussed above. Widi respect o iiiitiatte stages, fe 
of published literature in this area may be divided crudely into 
(»Q broad groupings, namely reports of an and* (or des-) muca- 
feeic activity and reports of simulation of a detoxification reech* 
tetsm. With respect to amipcornexion activity, dm is a single 
report that suggests that diss mechanism may piny a rose in 
&«u*?ca 's cancer preventive potential However, there are many 
*pnra that may not be classified as either of these stages but 
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father are of such a general nature that no specific mechanism of 
protection may be ascribed to them. 

AntinraUgentc activities 

The ability of a crude extract of a Brassica variety to reduce 
the effect of a mutagen (either as a drsnwiagenic agent or as an 
a nrimutag e n i c agent) has been reported no less than eight times. 
In all of the cases in which a twin can be discerned it 
appears that, although the term trmmutayen is used routinely, 
these are most likely all cases of desmutagenicity. These reports 
are sunimarized in Table 2. 

The major bulk of the reports concern ability of a protein, 
termed the desmutagenic factor, to inhibit various mutagens in 
Ames-type assays. This factor, first described by Kada tt ai (24). 
was later characterized (23) and patented (26) by Morita et ai as 
a heat-labile protein with a molecular weight of «53 kDa. which 
contained a prosthetic group with a heme-Uke chjoraophore. This 
protein was shown active against tryptophan pyrolysaies (24), 
ethidium oromide (25). 2-sjninoanthracene (25). aiitooxidized 
linolenic acid (27), and pyrolysaies for other amino acids (28). 

TABLE 2 

Summary of amunucagenic retain 



Mutagen 



Percent reduction 



Cauliflower 

Cauliflower Nitrate + \ 

Cabbage Nitrate ♦ i 

Cauliflower Nitrate ♦ sorbic acid 



Trypeapnaa pyrorrsafle*2 



AF-2 

Oiidizad limritmr acid 
Oxidized lieokme acid* 



fUd< 
Cauliflower' 



Oxidised 1U 
Tryptophan pyioiysstt-2 



7S 
57 

Moderate (not calculable) 
Moderate (not calculable) 

97 

97 

SI 

92 

84 
0 

82 

76 

81 

76 

33 
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In (heir 1 980 paper. Yamaguchi et ai (27) demonstrated a sinking 
correlation between the desmuiagemc activity of the extracts and 
their peroxidase activity and further demonstrated that the per- 
oxidase activity required a cofactor. This activity was later con- 
firmed in the purified protein by Morita et ai (25), who did not 
note the need for the cofactor. The signal characteristic to the 
desmutagentc factor has always been the fact that it is both heat 
labile and is inactivated by digestion with a proteinase. With this 
in mind, some workers (29) have pointed out chat after heat treat* 
mem some crude extracts of Bnusrca extracts suit exhibit resid- 
ual activity, suggesting the presence of other andmutagenic com- 
ponents. Munzer (30) demonstrates chat some amimutagenic ac- 
tivity acts by stimulating native detoxification systems in 
SaimontUa ryphimurium and thus some of these other agents are 
also desmutagenic. 

The identity of the other annmutagentc agents has been the 
focus of other researchers. Two groups (31. 32) have reported 
that extracts of cauliflower and cabbage, respectively, interfere 
with die production of mutagens by nitrosarion. There is consid- 
erable agreement that the active agents include ascorbic acid, 
cysteine; or other compounds acting as reducing agents. This is 
actually demonstrated by Osawa et ai (32), who show that the 
ascorbic add is responsible for the chemical reduction of the 1.2- 
dimtro-2-methyl pyrrole, the mutagenic m trosacon product of 
sorbtc acid, to the nonmutagenic comp o und l*eio^2*methyl*4* 
amino pyrrole. Baraie etal (3 1) show that ascorbic acid and some 
phenolic compounds can duplicate the activity seen in the crude 
extract. On the other hand. Lawson et ai (33) have identified four 
specific compounds isolated from savoy chieftain cabbage that 
demonstrated amimutagenic activity against specific mutagens. 
/V-memylVv*-mnT»ourea (NMU) and 2-atmnoamhraccne (2-AA). 
These compounds, ^-sitosterol, pheophyan-e. nonacosane. and 
nonacosanone. are notable because they are likely to be present 
in a majority of plants. These authors also demonstrate that com- 
mercial chlorophyll, the biological precursor to pheophytin-a. is 
strongly andmutagentc. These compounds were shown to present 
different activity profiles against the NMU and 2-AA: therefore, 
the authors argue that these compounds were achieving their an* 
ti mutagenicity through more than one biological mechanism. 
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As noted briefly above. Munzer (30) noted that the amimuta- 
genic activity of many vegetables, including cabbage. Brussels 
sprouts, and kohlrabi, wis in stimulating die S*9 mix normally 
used to met ab o l ite and sometimes activate mutagens. This ob- 
servation serves to bridge the andmutagemc potential discussed 
above and the targe body of data that makes it dear that in ani- 
mals there is a strong stimulation of many of the native detoxi- 
fication systems by extracts of various Sfosxico species. Al- 
though this attribute haa been (airly widely discussed recently, 
because of the arridex published by Tatalay'i group (34, 35% it 
is important tn note that this area has a long and honor able back- 
ground. Furthermore, although the Tatalay ankles do demon* 
soace a selectivity in the induction of phase*2 enzymes that 
has not previously reported, the ability of members of the 
Brasstcaceac family to stimulate a broad spectrum of enzyme 
systems has bean widely reported. 

TTie earliest work on dm induction of these enzyme systems 
was actually an attempt by Wattenberg (36) to explain variations 



alfalfa as an occasional component tn rat chow tv 
observation was followed by an examination of the abili* l! 
many foods to stimulate this enzyme. Wattenberg and his 1? 
demonstrated that many members of the Brasstcaceae £1 
were also active in this regard (37) and furthermore, the aZl 
compounds were readily identified as imtote-3-carbinol yfm 
diindolymethane, and indoieO-acetonitnlc, which stimulated *iJ 
fold. 20-fettf. and 6-fold increases, respectively, in enzyme at 
uvuies in the livers of rats that consumed augmented basal cho* 
In subsequent papers they demonstrated Out the ability of into, 
tinal enzymes to detoxify many xenobiotic compounds, inchieW 
the indoles noted above (38). correlated to Brussels sproml 
cabbage consumption in rats (39) and in humans (40). The e* 
lyme systems involved induded many mixed-function oxidases 
such as pheitaceda O-dealykyiasc, 7-«hoxycoumann Oniealky. 
lase, hexobarbitai hydroxylase, and benzoUlpyrene hydrexyui 
A direct correlation was later established between the inductwa' 
of these activities and the c o nc ent r ati on of these compounds by 
McDanell et ai <4|. 42). These later studies also demonstrated 
that the various active compounds had differing abilities to na> 
utate enzymes in different organs of the body. They note fa/ 
instance that the ascorbic acid conjugate of ifldde-3-carbiaol is 
the most active compound in stimulating the mixed-njnc&oi 
oxidase populations of the gut whereas indole*3-caibinoC of the 
compounds tested, was the strongest inducer of the liver e> 
zymes. Tanaka et ai (43) demonstrated recently the ability of 
indole-3-carbinoi to inhibit tongue carcinogenesis induced wift 
4-<ittroquino(ine* I -oxide. 

Meanwhile, working in a parallel vein. Saibe and BjeMaos.' 
(44) not only confirmed the earlier results of the Waneabenj 
group but also dentonstrated that the enzyme glutathione-J-eio* 
ferase wis also strongly induced by Brussels sprouts. This en- 
zyme, unlike those ditnittrd earlier, is not a P-450 type enzyme 
but represents rather a phase*2 detoxification system that acts to * 
conjugate and clear toxicants from die system. The significance 
of this difference cannot be understated. For most of the P-450 ; 
type enzymes, their ability to detoxify many muogens must al- } 
ways be balanced by their ability to activate other mutagens (45V j 
For gtutatmone-5-o^nsferase. there are no such drawbacks, 
rather, as this group has shown (46). an increase in this enxytw 
alone directly resulted in an 87% reduction in the binding of 
aflatoxin to hepaoc ON A in vivo. A wide spectrum of compounds ! 
(47. 48) including the giucosinoiates. such as sinigrin and pr> 
goitnru and their deri votes, such as ally I isothiocyanate, gcurta. 
indote-3<arbinol. and inoole-acetonitrile, induce glutathione^ 
transferase. In other systems it is induced even more strongly by 
xanthotoxin and some fiavanoids (49). 



Other relevant reports 

There are some reports in which no mechanism can be easily 
ascribed to die results or that do not fit into either of the abova 
two categories. These etports are nonetheless potentially «f»* 
with respect to the ability of brasskaceous plants to * 
'Chentoprcveiitive. The first of these coiicerns a study 
I by Bresnick et al (30) in which rats were fed a control** 
fat diet with and without cabbage. There was found to be a fl» 
tistically significant reduction in the rate of chemically in*** 
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turners in the rats with cabbage in their diet. This effect 
^ act seen innuont high-fax diet. Ic is of interest to note 
£4 the e x peri m ental design allowed for the consumption of cab* 
only ate the i nidation event, administration of MNU. thus 
bdicating a potential amipromotion effect. This possibility is also 
gfyaxcd by a report from Ko t h t m i zu et al (51). who use the 
jofaibitioa of Epstein-Barr virus induction as aa indication of an- 
opcomodon acdviry. In their amy aa extract of cauliflower is 
very strongly active in inhibidng the normal pr om o ti on evenL In 
gather of these publications is it possible to ascribe a specific 
compound to die activity observed. 

Baally. note that protease inhibitors have been a sso ciatn d with 
qiuuogcacsis inhibition (5Z 53). so the relevance of a strong 
gypsia inhibitor from the seed of kale (Bmsxea oitneta var 
ssbtilicxx) may be relevant (54). The presence of this agent in 
ocber pans of the plant (much less in other varieties) or its ability 
» overcome problems of absorption and transport are totally un- 
known. 



Sunxmary 

U may at first seem surprising that so many biological activities 
have been demonstrated for plants as commonly consumed is 
these, Yet reflection oa the complex chemical nature of most 
plants suggests that there may be more biolofical potential in all 
of them than we would expect from something that is generally 
eoasidered to be biologically neutral. Rmhermore, although 
some of these reports have been in humans, die majority are in 
vtoo results whose bearing on their effect on humans is very 
such an open question. The work of McDaneU et al (41, 42) 
dearly demonstrates the importance of transport and the variable 
ability of different metabolites of even the same compound to 
affect different organs. A report by Bin et al (55) amplifies this 
by demonstrating that although die effect of cabbage is be nefici al 
in some cases it may act to increase tumorigenicity in other model 
systems (or cancer types). 

We have presented a case that strongly implies that the cancer 
preventive potential of many members of the Brassicacese family 
is strong, yet it must always be stressed that to iindentand the. 
relevance of these reports on the human condition, many further 
studies need to be done to specifically address Questions of the 
stability, bioavailability, transport, and metabolism. The additive 
or even synergistic effects of these cornpouno^ are unknown. The 
additional effects of normal (bod Reparation procedures present 
another factor that is yet largely unexplored with respect to the 
cancer preventive properties. In brief, there is much exciting po- 
tential in the cancer preventive properties and yet there is. as of 
(his writing, no thmriiift mffffrt'** thai can be made concerning 
(he ability of these foods to directly alter the course of carcmo- 
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